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THE NINTH 

ANNUAL GENERAL MEETING. 

The Ninth Annual General Meeting of the Institution xoas 
held in Metcalfe HalL Delhi^ at 1 1 a.m, on Wednesday^ 
7th Nfivember. 1928. 


PHKSENT : 

Afr. II. lliirkinshsiw uii I lic^ < 'hn ir'i. 

,, K. I>. T. Ah*XHIMl4T. 

Lt. Iioii. Sir I'Mwiii Alkiiisnii. 

Mr, i\ A^hlsiiiits WiHisiiiis. 

,, N. .1, <’urst*tji. 

,, A. Lilies. 

.. K. M. Kiikliope. 

IL (L Harris.' 

A. T. W'stoii. 
l-t. sii' <ii*orj»<i W'Mlii}, 

I'orpoiv.le M€*nilM»rM m : : 

' and Mr. F. IN»weli WflUainfi (S€'rr«tai’$1#}f 

^ rHuCEKJHNOS. 

Mr. If. Uiirkinsliaw look llio disiir al 11 A.Nf. 

' S<*ci*etavy read the NtaJi’e f*o4vt*iiiTi|^ I he. Molding. 

Tlw* MiutJf'eH of the Kiglilh Annuai /»i*iieral Meeling were rejMl 
ami eotifjii'-meO, 

1. The Animal OouiicU fMit^ 't4|Ui*Stalen of 

Aeeoniits duly" rorti lied liy the Auditors were ^io all M<*rii- 

Tmts pr<*s€-ijt. 

'*lt was projiosed hy the, CliairiotOu Hnit the -Atilinal of 

the C'niiiieil and Aiiditefl Aeroniits be adofir^'d. 

This was seeonded hy Kao Ihiliadiir V. N* f,%ri!ll|^i ;^id was 
t-arried. 

15. It was jn*oj» 08 ed hy Mi-. K. 11. Lnl that Messrs. l*riee 
\VaTerIioiise. IVat & lie re eleete«| Auditors at a rc*minM*ra- 

tioii of Ks. 350 iM-r audit. 

This was seeoiided }>>' Mr. IV Jj. Dliaw'hii and was earried.. 
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STANDARD SPECIFICATIONS. 

The Coiiiiril have continued to act hh the Indian Coiuuiittec: of 
the, Brifish Eii^iiieeriii^ StaiidardH AHKoeiatioii and during the yc*iir 
jfH^eived a coiiKideraiile number of Sx)ecificatioiif!;. l>etalla of the^e 
have been iMil>li8hed in the Jiiilletins. ^ 

INTERNATIONAL ELECmfO TIXUJNICAL CXIMMISSION. 

The <"oiiiieil hav<‘ eoiitiinmd to net as the Indian Committee of 
llie International Electro Teelniical Coniiiiission. 

jofrnal. 

Vfdiime VII of the Journal was isstuMl ami distributed to all 
Members of the rnstitution. 


nUl.LETJ NS. 

IIulletiiiK Nos. 18, .l!l, 20 and 21 were iniblished and issikmI i(* 
Members during the year. Tlie Bulletins c*ontained information 
eoiieertiiiig the work and aetivities of the Tnstitntioii. m 

ISSUE OE PAPERS. 

Mr. F. i\ (SrIfHiVs J»aj)er entitled ‘‘WATER SUPPLY BY 
DE< MANTRA LI ZED STORAtlE” was issued to all Members aitld 
WHH read at Meetings of all Local Assocdatious. 

EXAMINATIONS. 

The lirst Associate Membership E.xaiiiinatioii of the Iiistit iition 
was hehl on tlie 23rd, 24ih and 25th .\ugiisi, 11)28 and four caiidb 
date's Sjit for the Examination. 


^ AWARD or PRIZES. 

11. K. T!m* Vicwoy’H T*rr,« ]ji2«.27 wns awnnlwl Mr. X, 
Painn* “THE RAILLESS < ►Kl'lLVOKLESS 

TROLLEY SYSTEM.” 


Because no suitable. Paper was submitted, no- award of the 
prixe of £2d offered annually by the Tiistitiitioii of Electrical 
Engineers was iiiade. 


ALTERATIONS TO THE BY-LAWS. 

The Council imide certain additions to By-law 1 and this w'as 
reported in Quftrterly Bulletin No. 21 for the iiiforiiiatioii of 
Meinl>erR. 

LOCAI7 ASStX::iAT10NS. 

The Loeal Associations continue to make progress and Indif a 
11 limber of ^Meetings and Visits during the year. 

ACOOITNTS. 

The audited aeeonnts for the vear ending 31st August. 1928. 
are apjiended. The ac.e,ouiits show a defiidt of Rs. 3,000-8-8 on the 
. year’s working. 

The Council consider that after taking into consideration the 
increased activities of the Institution, the general position is satis- 
factory* , " ’ 



ANXrAL KEroUT. 




Insttttttbn of (Bngttuers (India). 

Income and Expenditure Account for the Year Ending 31 st August, 


INKTITLTiON OF KNOINEERS (INDIA) 



53.573 15 


‘tfeESIDENTIAt, ^ADDRESS 

BY 

/?. /). T. ALEXANDER, D.SXK O B.E.. T.D 

JM«KSII>KNT, 1!)2S2!K 


(iKNTLEMCNj 

III this l*i*OHMlc‘iitial address, the tirst thiiij* I wish to do in to 
thsiiik 3011 l4ir Hie \ 01*3 hiftli honour ^'oii lia\e ihnie 1110 h,\ oleidhig 
jiie UM l*i*eKtdeiil ol the liiHtitutioii for 10l!8 25 ). This is an honour 
whieh 1 very greatly appreelale and for in> jmrt ,>oii may he sure 
4 ^hat l#rill do all I possibly eau to further Hit* intei'ests tif the 
liistitiitioii during 1113 term <i£ ofliee. 

My pit-deeessors hu\e, as Ur lule, on Hiis tietuishm eitliei 
a<1drt*ssed this meeting on the aetivities of tiie Institution, tiie 
tVainiiig ot .\t>iiiig Kiigineers or tai some KiigiiitH*ring KuhjtM*!. 
Jn ni.\ adtiress tt> tla^> , 1 ^ ish t» tleal in partit iilar wtHi tlit* 
tioii and resjmnsilnlit ies of the lioeal Assotdatioiis. 

The IM^'sideiit of an liistitutiou like ours has a gmit rt*sponsi 
hility to shoiiltler anti f ftM*l tiiat Hie liest rt'sulfs cannot he olitaiii 
etl unless lie takes meiidiers into his eoiitideiiee and tihtains tiieir 
help eoiiti nil oils ly. I jnt<*ii<l to takt* you ieio iiiy eonfitienee to ihi^' 
anti ask you to help (o extend the aetiiitie' of Hie Loeal Assotda 
thins. We must eontrive to make all the Loeai Assoeiations rc*al 
live* organizations and to dispe*! any id(*as ol misunderstanding 
whieh may exist. 

To start witli 1 want >011 all to realize that Hie Local Asso 
eiatioim are the liistitutiou of Kiigineiu's (India) in being and Hint 
it is cm the sueeess of eaeh and every one of. tin* •LcN*al Assoeda- 
tious that the sueeess of the Institution as a wliole depends. I 
slioiiJd perhaps i*\f>lain that apaK from the* ofTic*c* where tin* Sc*erc* 
tar^and his staff earry out Hieir woik, the* Inst itnt ion has no e\ 
isteiice exeept in its Loc*al Assoeiations. 

In some i^rovinces, there is apparently an idea that the Local 
Assoeiations are not ivally part ol the Institution hut are more* 01* 
less indefiendeiit bodies attached in some* \agiie but iliidefined wa.i 
to the Institution. 

T understand that some l^oeal Assoedations imagine that the 
funds which they are entitlM to ren-eive from the Institution are 
flei>eiident entirely on their itminls^rship aiid that they shoNid 
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antiiially (ioinaiHl ii< sniii of eijuivaJeiit to so miicli bead 

of tlieir nieinberslii]). 

Neitliei* of tliese idt-as an* eoirert and 1 wish to impress on 
you to-day that tlie Loral Assoeiatifiu is the Jnstitiition of Kngi- 
ueers (fTidiu) in that pai*tj(‘u1ar Province. Secondly that in so far 
as it is within the tiiiancia"! power of the Iiistitnt ion« eaidi Lo('al 
Assoriatioii will receive that, aiiioiint of iiifuiey required for its 
expi^nditnre diiriiia; the yf*ar — n4> more and no less. 

T<» facilitsite this 4|iiestion 4>f liiiaiice, ea<*h J.<oral Assoc-iation 
slM>uld, as soon as possible after the 1st of Se]>teniber in eacli year, 
send to the Secretary of the 1 list itutioii a biidjjet of their pro- 
fiosed expenditure. This will be coiisidei*e4l by the foiiiici] and, if 
passed, thmi tlie nioiu*y will be allotted to that Lfical Association. 
You will, lM»w<*ver, n*alixe that it w<Mild be bad finance for the In- 
stitution to transmit a considerable sum of moni\v to tip Local 
Association until it is actually required. 

T should like to jioint out that at present the annual exjieiidi- 
tiire of tin* 1ustituli<ui is from Hs. t4> Rs. 7,tl0tl in excess vf 

till* money it receives. So far we have been working; on overdraft 
against our reserve and I feel sure that, yon will a{?ree that it 
would be bad tlnan<*(* to s«md to each Liical Association a Ijimp-sum 
of juoiu'y at the beginning; of the year and tlu^reby increase our 
overdraft <111 tlu* bank on whiidi wc have to pay interest. I tliei^*- 
fore su^$<:est that this ditliculty can best be j^ot over by the Local 
Associations working on an Imprest Account which will be r<*- 
couped from time to time as may lie ?’e<|uired. I trust that I have 
made the two points clear, viz: — t • 

*1) That the Local Associations are the Institution of Kiij^i- 
neers (Indial in their respect iv<‘ Proviiu'os. 

(-» That the mom*y AvJiicdi they are entitled to n*ceive should 
be equivalent to their approved expmiditure and no more , 
and no less. No Local Association should at the end of 
a year have either a credit or debit balance. 

1 ho]>e that I have cleared up these two ]>oints and now l«.t ns 
s(S‘ how we can improve the activities of the I..ocal Associations. 

1 know from ex]>m*ience that the gmieral failing of all men is 
to put on to the busiest man any extra work that is soinjj. Honor- 
ary Se<*r<*taries of Ijoepl Associations are not appawntly exempt 
from this failing of tlieir fellows and we usually find that the 
Honoraiy’ Secretary of a Local Association 'is one of the hardest 
worked men in the Province. Tt is very diflficult indeed for any 
om* who has to work long hours in his own sphere of ai-tivity to 
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devote tlie time ue<ressary for eanyiiig on efficiently llie work re- 
quired from an Honorary Secretary of a Local Association and I 
think it is askii^ an impossibility unless efficient help be given to 
that gentleman who consents to take on these dntic^s. As T have 
already said the Local Associations are the Institution of Engineers 
(India) in being and it is of vital importance that everything pos- 
sible be done to give those Lo<;al Associations a reasonable clianct^ 
of performing their sliare in the organ izatiioi. The correHpoii<lem*e 
necessary to do this is very great and is in niy opinion overwhelm' 
ing for any one who has other duties to Y>erform unless he be given 
efficient assistants. 1 therefore think it advisable that each Local 
Association should, in ad<litioii to the lloii<u*ary Seendary, have a 
Y>aid well-educated ITead-clerk who will be able to do tlie routine 
work and thereby give tli(‘ Honorary Secr<»tary time to plan 
arrangements for incit*asiiig the efThdency and laquilarity of tlie 
Local Associations. 

You may think that the alsivc remarks are rather on the lines 
of a sermon hut I can assure yon, gentlemen, that: T Juive the 
interests of the Jnstitiition very ninch at heai*t and T feel tlnirt if 
we are to take oiir place amongst, (he gri^at technical institutions 
of the world, we have to make a really serious effort now and iliat 

effort must be made bv each of the Local Associations. 

• * 

In connexion with this iiiattiM* I would remind you tliat one 
of the greatest difficulties with which oiir Instilntioii has t<i 
contend at present is (bat of finance. You have si^eii the balance 
sliwt and you all know that oiir annual income does not meet onr 
expenditure. Tliere are two ways of remedying this: — 

(i) By raising tlu* annual snlisitrijit.ioii 

and 

(ii) by obtaining increased nienibershii> 

I think it would be a very iHdrogxade step indit'd to raiHc the 
-annual subscription lint I do Md tliat there is* conttideraiile stuifie 
for increasing our inemhership. I am not for one moment suggest- 
ing that the standard of admission to the 'Institution slionld be 
lowered in the very least degiti* but there are many Engineers in 
India who are fnlly (jualilie<l and wlio do not at present l>elong to 
the Institution. These Engineers in common with Uiose who 
belong to the Institution obtain their livelihood by work in India 
and it is surely their duty to support the Institution 'which has 
done so much to foster engineering interests and to maintain 
engineering standardsdn this country. 

I am sure that every one of ns here knows several qualified 
Engineers who do not belong to the Institution and I would 
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therefore ask you to point out to these gentlemen what they are 
missing by not belonging to it and the path in wMch their duty 
lies. 

I do not wish you to think thiit I nm asking you to beg people 
to join the Institution, bu^ what I do ask you is that you will tell 
your qualified Engineer friends about the Institution and let them 
know the advaiitagt's to lie gained by both themselves and by India 
fis a whole if they come forward and join. I am perfectly certain 
that the I'cason why those qualified Engineers who are not 
meinl)erH do not iielong to the Institution is that they have never 
iHteu told anything about it. If eacli of you will help me by 
shouldering a little of the work, t.h(‘ Institution will, in a short 
time, be in a very tiourishing condition indeed. Please however 
keep this uppei'most in yonr minds — ^the Local Associations are the 
Jiistitutiou of Engineers (India) in being and if each is a real liye 
organization, then the Institution as a whole w'ill fill the part for 
which it exists. 



THE 

NINTH ANNUAI^ DINNER. 

The Ninth Annual Dinner of the Institution of En^neers 
iindia) was held in Maidens Hotels Delhi^ on Friday 
9th November^ 1928. 


All*. K. 1>. T. AIoxshhUt, Oliief Engiiun^i*, Bengal -Nagpur Kail- 
way, President of the IiiHtitution, preHided. ills Excellency tlie 
Viceroy honoured the liiBtituliou by bis presence. The guests in- 
cluded the Hon. Sir Khupeiidra Nath Mitra, the Hon. Mr. A. O. 
Me Watters, Mr. P. Sheridan, Sir tlohn Thoiiijison, Maj.-Gen. 
^\. (S. SHeveiiHoii, Mr. (1. ('’iiiiiiiiighani, Mr. A. L. Parsons, Mr. 
T. G. Kussell, Mr. E. d. Buck, Mr. K. O. Roy, Mr. P. Mukerjee, 
Mr. U. N. Sen, the Hon. Mr. E. Burdon, Mr. A. M. House and Mr, 
T. Kjan. 

His •Excellency the Viceroy' proposiHl the Toast “The King- 
Emi^eror.” 

The Pr€?sideut in [iroposing the toast of “the Health of His 
• Excellency the Viceroy’’ said : — 

Your Excxdlency ainl Gentlemen, 

I tind* it difficult a^lequately to express our .pleasure at the 
honour which Your Exc.ellenc*y has jiawl the Institution of En- 
gineers (India) by being oui* guest to-night. 

The Institution was founded in 19151 and His Excellency Lord 
Chelmsford honoured the inaugural meeting with^his presence. 
Since then succeeding Viceroys have alwa^'s taken an interest in 
the Institution and in addition have been good enough to present 
a prize for the best paiMU- read dining the year. I may say, how- 
ever7 that the activities of the Institution are not solely confined 
to the maintenance of the machinery necessary for the award of 
the Viceroy^s prize howevc^r much this prize is appreciated. 

The main objects of the Institution are : — 

(1) To maintain the high stanflard of the Engineering pro- 
fession in India. 

( 2 ) To create a standard for the guidance of Btiidents who 

are under training to become Engineers. , 
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(3) To afford a lueauK by whleli Eugineern posses^iiig apeoial 
knowledge on various subjects can transmit this know- 
ledge to others by the reading and discussion of papers 
before Ihe Institution. 

India is a large* country and it is obvious that an Institution 
located in one centre can do very little good to the country as a 
whole. In consequence a scheme was ilevised by which the Insti- 
tution of ISngineers (India) w''Ould be rei)Wiseiited by Local Asso- 
ciations ill eacli of the great Provinces. These Local Ass<iciatious 
are. therefore the Jnstitutioji of Engineers (riuiia) in being and it 
is on them tliat the usefulness and the prosperity of the Institu- 
tion flepend. 

all know that Your Ex<*elleiicy takers a great interest in 
agri<*ultur<t and India is, probably more so tlian any other country 
ill tlie world, defieiident on agriculture*. Extensive agriculture’* 
however cannot well be undertiiken in a tropical country unless 
mc^ins are provide<l for bringing water to the land and for Irans- 
)H>rting the .suiqilus grain when it is grown and so tlie agrieiiltnr- 
ist is ill turn dependent <ni the Engineer. 

1 feel that A^uir Exeel leiicy is one of tin* very tirst to realize 
this fact and by the interest which yon have taken in the great 
Engineering Works at jiresent going on in India, the Engineers 
i*iuployc^l on those works have c^eHaiiily been stimulated to greater 
efforts. 

It w’as only a* few months ago that Your Excelleney visited 
the new Port being constructed at Vizagapatam. • T know from 
first hand information the stimulus which that visit gave to the 
work there and perhaps T will not be saying loo much if "f mention 
that last year when II miles of the Tlengal-Nagi>ur Railway Main 
line between Calcutta and Madras was wiped out of existence by 
the abiioriiial flood of tlie Tlytaraiii river, the fact that trains ran 
between Calcutta and Madras Tvithin 7 'weeks of the disaster was 
due very largely to the personal interest which Your Excellency ' 
took in tlie labours of the Engineers to get the line through. 

Ill the past India was very largely dependent for her 
Engineers by recruitment from Grent Rritaiii. This stnif; of 
affaii*s no longer pertains to-day. We now have in India seve- 
ral Colleges and ITniversitios 'where young men of the country can 
be efficiently trained as Engineers, and T am pleased to tell you 
that so far as my experience goes, the majoidty of these young 
men have made good but it must l>e recogiiiz(*d that as the Engi- 
neers at Home look, to the great Eiigim^eriHg Institutions of the 
country, so must the Engineers of this country look to the TnstUii- 
ti<}n of Engineers (India). 
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The interest which Your Excellency Jins shewn in our Institu- 
tion will do much to foster this idea and will luive very far-rea<di- 
ing effects in assisting this Institution to take its ]ila(*(' auiongst 
tlie great Engineering Institutions of the world. 

On behalf of the Council and the Members of Hie Institution 
of Engineers (India) I wish most heartily to thank Your Excel- 
lency for sparing the time to atteml our dinner to-niglit, especially 
as I knoTV how very fully occupied Your Excellency is at tin* pi*e- 
sent time. 

I hope howevei' that, in years to c*ome when you lieair of tlu^ 
prosperity and the power of the Iiistltuti<»n of Engineers (India), 
you will look back to-night and feci some litth* satisfaction in 
knowing that the turning point in tlie career of the Institution 
was due to the interest and help Avhi<*1) you liave shown to it. 

^ Gentlemen, I aaMH ask you to charge your glassc*s and drink 
A\ ith me the health of TJis Exeelleiicy Lord Irwin The VMc(*roy and 
Governor- General of India. 

His Kxcellen<*y the Viceroy in reply to the toast of his health 
. said: — 

It has not s(d<lom Ikhui niy exiM*riencf*, when an engineer is 
endeavouring to explain to me the intricacies of his pet project 
or machinery, to feel acutely the limitations of my knowledge com- 
pared Avith his. If that be the effeet produced on me by one of 
yotir number, yon can imagine tlie frame of mind in Avliicii I rise 

to address a wliole room full of the frateriiilv. Hnt. I <*an at aiiv 

• ... 

rate thank you all Avithont reserwatJoii for your hospitality in en- 
tertaining me liere to-night, and I need ‘;ardly say how great a 
pleasure it has gweii me to iiM*et so many ineiribers of the liistitn- 
tiou of Engineers in India. I should also like to thank you, Mr. 
President, for the vory kind things yon have said this «*vening, and 
the whole company for the way thpy haA^e received the toast of 
my health. 

I luiA'e thought always that eiiginwrs were miicli to be envied. 
For one thing, they are among those lucky people aa^io ha\'e been 
able to dream dwains in boyhoml ainl realize tliem in after-liff^ — 
for.eA’ery right-minded boy’s ambition is to be an engineer, though 
he -may not always foresee the years of exacting tmining which an 
Intricate and technical science like this requires. 

For another thing, the engineer can see with his own eyes the 
Ausible results of his work. Many of- us laymen, especially if we 
have at any time had the misfortune to be fiollticians, must often 
feel inclined to ask ourselves what has r«*ally been the outcome of 
months or years of laborious AA^ork. We ci>\'er pages of y>aper wdtli 
argument and reasoning and conclusions, oi* spend our l)est et^prts 



14 


THE INSTlTrTlON OF EJS’GINEERS (INDIA). ' 


in making speeches, which i*arelv are us convincing to our audi< 
<*nceK UH tliey seem to be to us, but wlu*n we look later on for tan- 
gil>h‘ results, that we cuu point to, we begin to wonder what is tin* 
sum lotal of our uchiovemont. The wlii^ds of administration move 
slowly; much of what, we seek to do is inevitably the second best; 
and the world is more ready toacconl criticism than approbation. 
We deal with opinions, you with facts; and your ]iages of figures 
and calculations bring concrete results in the shnT>e of bridges, 
railways, canals, machines. Y"ou can sa* the girders rising, the 
water flowing, the two shining lines of metal stretching away over 
I he plain ami \ anishing into the horizon, and, as you survey your 
Wfirk, you can Ke<* that it is good. 

It is true that most of the great engineering feats in India 
have been pei*form4*d by <aigiiHM*rs in the service 4)f (.Jovernmeiit, 
hut as industry expands, as in the course of nature it niiist, India 
will more and more feel the need of (puilitied laigim^ers, whether iif 
(lOvernnuMit s<*rvice or not. And it is here that your Institution 
has its fijiu'tion to f'liltil. IMihllc iMslies ami private firms will, if 
tliey are wise, always d<aiiand engineers whose qualifications are 
known to conform to <*ertain standards, and an Institution such as 
youi*s is tin; lM*st means of assuring the niainteiiauce of those 
standards. And in<ire than this; men find in such an Association 
as this a stimulus to their work. Addled to the natural pride 
wliich any good <*raftsiiiau tak<*s in his work, is the corporate pride 
he feels in maintaining tli<‘ traditions of the body to whieh he be- 
longs. The movo jealously you guard tliose traditions and tjie 
iiuire rigidly you insist on the iiiaiiiteiianc‘e of liigh standards ami 
Mie goo<l name of your ])rofessioii, the more valuable w'ill your In- 
stil iiMon 1M3 botii to its OAvn Members and to the comifiunity at 
large. 

As yon liave just sai<l, Mr. lM*esj<leiit , it is now nearlj' eight 
years siii<*e Loi-d Chelmsford inaugurated your body, and in doing 
so he foix*cast a gi*eat ami suceessfiil future for it. T am very glad 
to know' that it* is fulfilling his prediction. Its membership of w'ell 
over 1,0(K), from all branches of the profession anil in all stages of 
their professional career, and the formation of Local Assocriations 
in every quarter of India, are sufficient proof that it has estabKsh- 
ed its position and are a good omen for its further increase in the 
future. 

And w hat is the future going to bring in the engineering 
world? It is a commonfdace that the advance made in engineer- 
iiifif and metdianics within the mejnory of this generation haa pro- 
bably exceeded that iliade in any equal period’ before in the histoiy 
of the world and a modern writer has told us that, during the laat 
150* years, fbe rate of progress in man^s command over nature has 



THE NINTH. ANSUAL DINNER. 1& 

been ten times ns fast as in the wliole period betwe€*u Caesar ami 
Napoleon. 

Tlie paee is tremendous, the effect of . change in almost every 
sphere of life kaleidoscopic, and I sometimes wondei* whether we 
can exactly foresee? the effect of all this iijmii human character 
and temx>erament. 

Many years ago, Samuel Butler if I remember rightly, level- 
led a lance against the gradual and as la* thought sinister domina- 
tion that tile machine was bound to estaidish over the man who 
had called it into being. Since he wrote, oiir whole coiicejitions of 
time and space are in course of being recast under the iutlueuce of 
modern invention and discovery, and li(‘i*e as in the «*volntion of 
industry under the intiueiice of the machine there is some room for 
Butler's doubt wdiether man is in fact retaining control over the 
new’' forces his ingenuity has released. In aiiiy casc‘ w'e c^aii hanily 
suppose that, >vlien his whole environment is iimlergoirig trans 
formation, man himself will remain fM>nstaiit and unaffected. I 
was iiitei*ested to noti<*e, in the spee<*li that Sir Alfri^d Ewing maile 
a^t the Centenary celebration of the Institutes of Civil Engineers in 
London hist dune, r(‘11ectioiis not uiM*oiinected with those to which 
[ have endeiivoured to give exiiression. Tin* subjeid of his address 
he term^*d “a century of Inventions," but, after sketching the 
amazing progress made in the last ItHI years. In* askt*d himself 
whether that progress had not outstripped the* ethical progress 
of the race. He spoke of the Great War and how that hrouglit 
home to him w'hat he termed “the moral failure of applied ineidia- 
iiies."’ But it wa44 not a note of pessimism that, 1 think, he ine'aut 
to strike, but rather one of inspiration for the future. Wi* may 
admit that great as the imjietus was whieh tlie Great War gave to 
engineering and scieutitic inventions and researcti, it was largely 
an impetus in a destructive direction. Seen from this angle,- with 
full recognition of all that w'as good In tlie eoneimt rated effort of 
the War, the contemjilation of the highest scientifie. genius of man 
eniidoyed upon the destruetiou of Ids ftdlows was riot an inspir 
ing spectacle. It w^as not progress in the sense in w'hi<*b thinking 
engineers imagine the true develojimeiit of their jirof<*sKion. Von 
w'ouid all, 1 know, agree that the victory wdiicli <*iigineeriiig and 
science has achieved over inanimate nature is no real triumjih 
unless that triiimi^h is employed and developeil for the benefit and 
greater happiness of mankind. This must be at rmec* the goal and 
the test of our endeavour. 

You w'ere good enough to refer, Mr. President, to the interest 
I have always taken *in the efforts of engincK^rs, whether in India 
or elsew’’here, to develop the counti*y and imjirove the cimditioiis 
and amenities of its inhabitants. Well, during the last two and a 
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Jialf years I have travelled pretty u'idel^" ov€*r India aud have seen 
visible and iiiiforgettabh; proofs of what engineers have done for 
the people of India, how eanals and railways and other means of 
e.oinmunieation have seeiired great Iraels from the old terrors of 
famine, 1h»\v Hie deserT has been made to blossom, how the lot of the 
poor has been improved, Jiow wild tribesmen have been tamed, how 
health has been brought to fevered distriets, and new eoniforts of 
life to dwellers in the reiiii>test jmrls. And for this, among other 
reasons, I rejoice to s<?e cuigineers joiiitiig together in an Associa- 
tion like* this, whose teiidenity will suri*ly ahvays be to direct the 
s<*ience of engineering along beneficent lines. 

I thank yon, Gentlemen, again for having permitted me to be 
your guest, and J should like to assure you once more that T shall 
r(*1aiii thereby a more direct and personal interest in the future 
growth and fortune of your Institution. 

The President, in proposing the toast “Our Guests” said : — 
Your Excellency and <ientlemen. 

Am ail engiine<*r, 1 wcnild as a general rule prefer to build a 
Railway than make* a si)eech, but when the speech concerns our 
guests the fnatter is very different and it gives us all very great 
pleasure to welcome the distinguished <*ompany of guests wliom we 
have here (o-niglit. In this gre>at Imperial < -ity of Delhi one 
naturally expects lo meet distinguished people but realize that 
the greater distinction a man obtains the greater are the ealls on 
Jiis time and so we feel ourselves indeed fortunate that so many of 
onr friends have found it possible to come to-night. 

We ani glad to see amongst us again our old friend Sir 
lihupendra Nath Mitra, at present Member of C^onncil for Indus- 
tries and Labour. The seiwices which Sir Bluipendra Nath Mitra 
rendered to tin* Empire as Coni roller of War Accounts are well 
known to all of ns and the Wf>rk entailed in connexion with that 
task must, even fru- a< giant of finance like him, have been beset 
with ililTienltie& no less in their own way than the mud of France ^ 
or the deserts of Mesopotamia w^ere to the soldiers. We, however, 
hejird nothing of Sir Bhupendra’s difiieulties, all we knew was 
that in a vei*y short time after the War was ovc*r those who raised 
4|nestions of hack- pay were politely but firmly informed that the 
accounts Avere cdosed and the question could not lie re-opened. 

Gentlemen, Sir Hhupeiidra Nalh Mitra has recently lieen acting 
as Pinanciiil Member and controlling the finances of this huge 
c'ountry which is a colossal task. Some idea of the versatility and 
ability of our guest may be gathered from thte fact that at the 
country's need he smilingly tuimed from Tndustiy and Labour to 
Finance and remained undismayed. 
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It is a great pleasure to us to welcome the Hon*ble Mr. A. C. 
McWatters, Secretary of the Department of Industries and 
Labour, who is so closely allied to the engineering profession, in 
that, Industi7 is based upon engineering and without labour all 
engineering work would be at a standstill. We feel sura that 
Mr. McWatters realizes probably better than any one else in India 
that to obtain the best work one must also maintain that feeling 
of good will and good fellowship between employer and employee 
which is so essential to success. 

We feel graatly honoured in having such a strong representa- 
tion of the Railway Board amongst our guests to-night. We all 
know how much the Railway Board have done and are doing for 
the development of India. It is to Ihem that we owe direct rail 
communication between the North and South of India and also 
into many parts of the country which only a few years ago were 
(^pnsidered as inaccessible except for somewhat primitive means of 
transport and with their enterprise and zeal it is hoped, that wc 
may yet see Burma in rail communication with India, and Jeypore 
and Bastar, with the seaports of Madras.* 

. We have had the pleasure of entertaining Mr. Sheridan once 
before and we are all sorry that by the time our next annual 
dinner comes round he will have retired from India and we will 
have lost his cherry optimistic presence amongst us. He will cer- 
tainly carry with him our good wishes and those of a very large 
circle of friends. * 

Mr. Russell attends this meeting as a guest for the last time, 
not because we do not love him, far from that, but he is an engi- 
neer by profession and much as we like t'> have him as a guest T 
am glad l/> say that in future years he will ;*ftend as a host as he 
is about to become a member of our Institution thus following in 
the footstens of the Chief Commissioner of Railways. Rir Austen 
Hadow, and of his predecessor, Rir Clement Bindley w-ho was Pre- 
sident of the Institution and whose activities are now. to India’s 
loss, transferred from Rimla to Fnsom and from trains to Totes. 

Mr. Parsons, the Financial Comfssioner, • represents the one 
great force ^n nature which engineers know from hitter experience 
is beyond their control. Gentlemen, be holds the purse strings, 
and iBven the buffalo of Bastar or the bison of Jeynore will not 
induce him to release them until he can clearly see that percentage 
yield demanded by the tax-payer — ^is^’hom he must ultimately face 
himself. It says a great deal for the genial personality and tact 
of our guest that be can cut down a ’Budget ^without shattering 
the hopes of those who prepared it. 

We are specially glad to welcome to-night .Wr John Thompson, 
C’hief Commissioner of the Delhi Province. On behalf of the In- 
stitution I wish to take this opportunity of thanking him for |iis 

s s 
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great aeKiKtaiice in helping the meinbei's of the IiiKtitution to see 
the works which ai-e going on in this great city. 

We are alKO glad tt> wm* Major- General Stevenson, Engineer- 
in-Chief, Ai'jn.y Head Quarters. Many of us here to-night have had 
Ihe privilege of sen’ing <lnriug the AVar with the famous corps of 
Royal Engine<‘rs of which Genei*al Stevenson is now tlie Engineer- 
in-Chief in India. To entertain such a distinguished member of 
the C 5 ori»s j>i'ovides a lia|)py «M‘caBion for the welding of another link 
in the chain winch lands the Military and Civil engineer. 

We vej-y much regi-et tliat at the last moment Rai Rahadur 
Lain Moti Sugar, Vice-Cliancellor of Delhi University, found it 
impossible to attend to-night. The Institution of Engineers is 
fully alive to the fact that » high standard of (Hlucaiion in India 
is essential for the progress of the c«jnntry. W'e n*ali! 5 e that tlie 
high standard whi<-.h we have set can only be maintained if suc- 
ceeding generations of m-ruits receive their preliminary training 
in Institutions such as tlie Delhi Tliiiversity whi<-h is at present so 
ably guid<Ml by Rai Rahadur TiSla Moti Sagsir. 

Mr. P. Mukherjee, Chairman of the I’linjab ChamlH‘r of Com- 
merce, has done much lo forward the i>ro 8 yK*rity of India and we 
are proud to ftsd that he <‘ould spare the time to come hen* to- 
night. W'e particularly realize that our guest reju'esents the cul- 
ininatioii of our enginecTiiig efforts Is'caiise Commerce and Indus- 
tiy in these days 01*0 based almost entirely upon efficient machin- 
ery or other engineering works. 

To Mr. Buck, Mr. K. C. Roy, Mr. Sen and our other friends of 
the Press we extend a very hearty welcome. The Pi’ess have ’at 
all times supported and encoui'aced ns by a whole hearted appre- 
ciation of our efforts and the pnblicitv which thev have Always «o 
generously given to the work of the Institution has prove<l of the 
greatest valne in furthering its aims and objects and I would like 
to take this «>j>portunity of thanking them for what they have 
done. 

Lastly we extend a ln'arty welcome to Mr. Powell Williams. , 
our energetht ^U'cretary, who has always been our guest on this 
occasion. We 81*6 glad to see that he has now completely recover- 
ed from his recent serious illness and is fit for another spell of 
strenuous seiwice. 

Well, gentlemen. I will not detain you longer. I wdll now ask 
yon to drink the health of our joiests coupled with the name of the 
Hon’ble Sir Bhupendra Nath Mitra. 

Sir Bhnp«‘udra Njilh Mitra, in reply, said ; — 

Your Excellencj', Mr. President and Oentlemen. 

On Iwhalf of myself, and of all those who are your gnests to- 
night. I thank yon most heartily both for your hospitality and for 
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the very kind way in which you have retjeived the toaat of our 
healths. 

1 consider it a great misfortune that I am not an engineer. 
At tlic same time, 1 have claims to close aflinities and associations 
with that worthy body of men to wliicli our Jiosts belong. My 
father was an engineer and one of my brothers beat all previous 
record at Rnrki. The portfolio whicli 1 Jiave the honour to hold 
at the i>resent nioumiit includes the administration of the Public 
Works Department of India, tlie Indian Telegraph Dei)artment 
and the Tndian Stores Department, and the ex-officio Uhaivman- 
ship of the Committee dire<*ting ihe opcratiiuis connected with the 
construction of tJie Now City of Delhi, which, 1 iiiulerstand, you 
have been visiting yesterday and to-day. As (\mti*oller of War 
Accounts and Finamdal Adviser, Military Finance, J was In'oiight 
into close touch witli military eiigiiieerH and tlicir civilian col- 
J^aglles whom the needs of the Fmpiri* had divert<‘d t<ori])orarily 
into militarj^ enijdoy, and 1 liad the advantage* of seeing some of 
their splendid handiwork in the roads which traverse Waziristan 
and in the railways, roads and harbour- works in Iraq. And in 
these etapaeities, and Hiihsequeiitly as Finance Member, 1 have ha<l 
opportunities of vieAving the activities of thi* pre>f(*ssion from other 
than the purely nlilitarian angle. 

In the result, I can say without hesitation that tin* cnglii<*er- 
ing profession has ne> gre^itor admirer than myself. T)if*re is al- 
ways a fascination clinging to the exceptionally large, ami this 
applies particularly to the vast scale ii|ion which the engim^r 
works, w'hethor he is building a new <-ity. r*jiistmcting a m*w rail- 
way, excf^vating a new i*anal, or merely excc' ding an estimate! 

It has been a great jdeasiire botli to nn* and to my fellow guests 
to meet you here collectively this evening and to have this ojqnn*- 
tunity of expressing our thanks not/nily for the entertaiiiinent 
provided but for the many material benefits which we owe to your 
profession. I sometimes wonder, inde<*d, wh(*ther the average lay- 
man realizes sufficiently how greatly the whole progress of civiliza- 
tion depends upon tlie engineer. Without him, we should have no 
transport; no ships, no harbours, no railways, no canals, no roads, 
no motor cars, no aeroplanes. C Communication, as we understand 
the 'word, would cease; there would even be no telegraph and no 
cheap post. Human habitation would be confined to the imme- 
diate vicinity of a perennial source of water. Almost every com- 
modity we use, the paper we ^vrite on, the pens we write with, the 
books we read, our daily paper — even if it may cost us only an 
anna — depend, for production on such a scale ’as to make them 
generally available, upon the art of the engineer. Without him, 
the very houses in which wc live, the food which we take- from day 
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to daj, and the clothes which we wear, would be something very 
didei-eut trom what they actually are. 

Nor is there, perhaps, any other profession to which we extend 
such uiipiiciL couuutiiicu us e do, oiicu perlmps uuwittiugiy, to 
the engiueering profession. Eveiyr day, and many times a day, we 
siujk.e uui- upuu tue iiitegniy auu pi'ofebsioual ability ot the 
engineer. It requires but a slight error iu calculation to render a 
bridge unsound, a foundation unstable, a machine unsafe, and it 
is to the everlasting credit of the profession that so few mistakes 
are made and tliat accidents ara so rare as they are. 

Becent experience during the Great War lias also demonstrated 
forcibly how great and important a part is played by the engineer 
of various classes in defeiiuiiig our iiearth and home against the 
aggression of foreign enemies. It is hardly necessary for me to 
dilate upon this subject as everyone is aware of the wonders which 
were achieved by the engineers upon evei-y front. Indeed, although 
it. may sound somewhat of a baefc-hauded compliment, it may 
safely be said that without the engineer, both mechanical and 
civil war on the modern scale would be entirely impossible. 

But, if the engineer has great responsibilities he has also his 
compensations, lie is one of the few who has the satisfaction of 
really seeing his own achievements and of leaving a material monu- 
ment behind him. Many of us must have envied the feelings of the 
engineer on the completion of some gi'eat work which he has him- 
self designed and built — the knowledge that, for generations to 
come, it will stand as a lasting and beneticial memorials In very 
few walks of life is this satisfaction vouchsafed. The picture has, 
of course, its other side. The mistakes of the administrator may 
not be patent to the man in the street, and the doctor can bury 
his, but the engineer's mistakes are periietuated in steel or stone. 
It is, howeAer,. as I have said, to the credit of the profession that , 
such mistakes are so very rare. 

The immense value to the community of the sendees of the 
engineer makes it obvious that an institution which is intehded 
to bring together and to facilitate the cxcliange of ideas among 
engineers from all parts of India and various branches of the 
profession, civil, mechanical and electrical, must be a very power- 
ful influence in the development of the country, and that its meet- 
ings must lie matters of far more than local importanve. On be- 
half of myself and my fellow guests. I again thank yon heartily 
for the Invitation which has given us 'the opportunity ot meeting 
you ail to-night. 
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Maj.-Qeneral A. G. Steveuaon in proposing the toast *‘The Institn* 

tion” said : — 

Your Excellency, Mr. President and Gentlemen, 

1 find myself somewhat at a disadvantage in bringing to your 
notice the toast which has been allotted to me owing to my want 
of personal knowledge of Indian engineers and engineering as I 
have only been tive mouths in the coiitili'y. 

1 naturally follow with interest tlie accounts in the Press of 
the opening of large cugineeriiig iirojects in this country and of 
these 1 think the most recent one is tlie Lloyd Ham in tJie Bombay 
Presidency. 1 do not propose to quote the statistics of its capacity 
or its dimensions but 1 understand from tiie. Press it is the biggest 
thing of the kind on cartli and that you have the U. S. A. beat to 
a fra/jsle!. Wheflier the above claim is tenable or not is neither 
here nor there but there is no doubt that an extraordinary tiuely 
conceived and executed engineering pi-oject has been carried out. 
Following on the achievement the engineering stalT concerned have 
received public awards an<l doubtless private congratulations from 
t^e Members of fins Institution and 1 am sure that in addition the 
engineers rightly feel that tJiey are i*ntitled to pat themselves on 
the back for they have seen the work of their hands and it is good. 

Looking back upon the yeai's that, have elapsed since the in- 
ception of this project the eiiginito’ing staff must call to mind the 
early days of reconnaissance, collection of meteorological data, 
levelling, the test of foundations, the design calculation and s[>ecili- 
cation of the structure, the preparation of estimates and the 
b.attle with the financial brunch to get t!iese sanctioned. Then 
followed the constructional period with ah its delays amr worries 
great and small from the non-arrival of vital inutevials to the bitiis 
of the ubiquitous sandfly. Over the entire period is spread the 
recollection of the team work of the staff, the esprit de corps of the 
engineers, and we finally come to 'the ending of anxiety and 
responsibility with the knowledge that no chinks lufve l>een left in 
their armour and that there is no danger of failure of the 
greatest dam in India and 1 believe the u'orld. 

‘ Looking at the picture which I have tried to sketch out for 
you, you will appreciate that to carry out a large engineering feat 
of this nature successfully and economically requires that those in 
charge must be qualifit^l by suitable training and experience and 
possess personality. This latter qn'ality is present in all of us 
to a more mr less degree but it is undoubtedly strengrthened by the 
confidence which coides from knowing your job outside and in and 
thereby gaining in yonr turn the confidence of your seniors and 
subordinates. 
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When one turns to the constitution of this Institution it is 
evident that all the necessary factors for making such engintiers 
Jiare lieen legislated for. The embryo engineer is caught young 
and his general ednentionul qualifications are scrutinized. lie 
preMiUtH iiiniself for his ](rofessiunal examinations as Student and 
Associate M<‘nil»er and in ]*rocess of time sind experience bet'omes 
a Memhei*. All these years he has had the advantage of the meet- 
ings, puh]icati(uis auQ intercourse of the Jnsfitutioit to help liiin 
by the inter<-hang(< of views. He has the backing of the Institu- 
tion in all things alTecUng his profession. 

1 think it may then be taken that the Institution of Engineers 
(India) is a worthy na'ans fosU*riiig the science of engineering 
in all its branches in this gieat country. I trust its membci’s 
may always be fully employed and judging from the scope which 
exists in this countrv I do not tliink there is any doubt that thej; 
will. 


Your E.xcelleucy, Mr. I’resident and Gentlemen, 1 ask y<m to 
rises and <lrink su<‘c<‘sm and prosperity to the Institution of En- 
ginetM-s (India). 

Lt.-Ool. Sir George Willis in reply said : — 

Your Excellency, Mr. President and Gentlemen, 

General Stevenson in happy phrase has impi'essed on us as 
representative of the profession in India the great importance j)f 
co-operation betwcfii engineers. 

In assuring him that this is a mutter which the Institiitiop 
has \i'rf closely at heart I speak not for myself but for all our 
Members. As perhaps onr guests may not have noticed, but as 
we are all well aware, India, taught l)y time, has taken one step 
in advanci! of the profession at home where then* are separate 
Institutions for <liffereut branches of engineering with what is 
now very genei'ally thought to be a great dissipation of energy 
and funds and a lack of cohesion. Our Institution is all-em- 
bracing and conswiuently co-operation is more easy of attainment 
than it would otherwise be. 

I will not enlarge further on this matter but w’ill ask your 
attention to a point of very great interest to us as Members and, 
did India but Auow it, of very great interest and importance to 
the country. I refer .to the rapid grow’th of the Institution in 
numbers. * 

A little while ago I heard from our first President, Sir Thomas 
Ward, who wrote regarding what I said at the Annual Dinner in 



THE NINTH ANNUAL DINNER. 


23 


Bombay in 1927 about the inci*eaaing usefulnvag of the lugtitution 
to India. He sent me a i*epoii: of the Amerienii Society of En- 
gineers and from this it api>eui‘s that it took that Society forty 
years to raach the numerical stiHmgth we have attained in eight. 

Despite the advantugt's we have over the Aiiicru'an SocieJy in 
the very great increase in the numbers of qualified cngiiu'ers since 
the time when it was founded, yet we may coiignitulafe ourselves 
very h^irtily on this rapid gi*<)W'th. We flow' nuinlsT well ov<'r 
1,000 of whom more than 850 are Corporate Meiiilau's, tliough M*e 
have lately removed from our lists the names of those few who had 
failed to kec'p up their payments. The increase has not been 
attained by going out into tlie liigliways and bywjiys for we have 
always been can'ful to maintain with the utmost strictness the 
high qualifications which our constitution i*equires in successful 

recruits. 

• 

Having now pjitted ourselves sufficiently on the back we must 
turn our attention to our further duties to the Institution. 
Growth of nnuieri4-nl stmigth, though important, is not our sole 
ot»ject or even our main object. We must aim at confinuous 
growth in infimmee resulting from the ability and readiness of the 
Institution to hel[>, in every way connected with the profession *>f 
engineering, the country Avhose name is included in our till** in 
the first place and secondly our members, associates and studenis. 

To that end it is not sufficunit merely to join the Tnsfitntion 
and pay subscript ifms regularly. Hnch more is necessjiry than 
that. Every 'Corporate. Member who is worth his salt must take 
a. real int^^rest in the work and the hucc« of the Institution. 
Refer to th<* Institution in your difficulty. Refer others to the 
Institution when they are in difficulty. If you are doing interest- 
ing work let ns all know about it. There is a pamdty of pap<*r8 
on engineering subjects. Short pithy papers will be greatly wel- 
comed. 

• 

There are other >vays in which members can help ffieir Institu- 
tion. Think them ont for yourselves. If Ave all did 3/.^C5th of 
the boy scout’s duty to his Institution and did <»ne good deed a 
year for our Institution, it w'ould be the most flourishing profes- 
sional organization in the world. Over eight hundred good deeds 
every year, not counting those which avc hope and trust will be 
performed by the G<wernments and the public of India in whose 
benefit and ^interest it is, as much as in our owni, that our Institu- 
tion should go on and prosper. 



COOLER HOUSING 


BY 

F. R. MORGAN^ Member. 


1. The ideas in this paper and the experiments on wliich some 

of it is based were conceived and carried out more than twelve 
years ago« A year or so later an article on Cooler Housing was 
written but never (jompleted. It remained buried in a file until 

dug out for the purpose of preparing this paper, which is put 

foritard in the liope tliat there might be something in it that others 
might develop for the amelioration oi hot weather conditions in 
the Tropics. The paper in most part aims at indicating lines along 
which study, tiiought and exijeriment iiiiglit prove useful in the 
quest for cooler liousing. 

• 

2. The sun is our source of heat. If we stanf^ in its rays we 

absorb heat and feel hot. If we interpose something between us 

and th^i^un, an umbrella, a tree, a roof, for instance, we absorb 
less heat and feel less hot, the degree to which we feel less hot 
depending on the material, the size, the colour, the thickness and 
other properties of the thing interposed. If we place different 
materials in the ^iin, or the same materials differently surfaced, 
coloured and, perhaps, shaped, we find differences in the rates at 
which they absorb the heat of the Sun’s rays. We find, also, that 
when the rays of the Sun are cut off from these materials they cool 
down differently, some cooling more slowly than others. 

3. Every school-boy knows that India lies wholly North 
of the Equator, and if we look at a map of India we find 
that the whole of Northern, wh*ch is about half of India, is 
situated North of the * Tropic of Cancer. We haven’t to go to 
school to learn that the winds that prevail practically everywhere 
iu India blow mostly North or South being connected as thqy arc 
with the Monsoons W'bich are so marked a feature of the Indian 
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climate. If we begin to think about ways and means of improviug 
hot weather conditions we shall note all these things. 

4. The Tropic of Cancer, we were taught in school, if 1 
remember rightly, marks the Northern limit of places on the face 
of the Earth where the Sun appears perpendicularly overhead 
during some portion or portions of the year. Places North of the 
Tropic of Cancer never have the Sun ovefjbead, tlie Sun in its 
passage across the Heavens travelling in a plane which is inclined 
to the South, the degree of inclination depending on the time of 
the year and the latitude of the place of observation North of the 
Equator. The signilicance of this to the designer of cooler houses 
in India is tliat in the portions South of the Tropic of Cancer, 
only for a short time every year does the Sun ever shine on the 
North side of a house, between the hours of 6 a.m. and 6 p.m., but 
in the portions North of the Tropic of Cancer, the Sun never 
shines on the North side during the 12 warmest hours of the day. 

5. The orientation of dwelling housr;s so that one face faces 
due North is a eoininon x>ractiee in most paids of India. Engineers 
have practised it for very many years. But in New Delhi, 
arahitectural iH^quireiiients, so one was given to understand, 
caused the location of most, if not all, of tlic houses with their 
main axes parallel to the rosuls that they faced. As the angles 
betw’een adjoining roads in New' Delhi are GO degrees, only one- 
third of the roads can run Nort.li and South and of rectangular 
houses only those facing these roads can have faces on the North 
or South. Thus only one-third of the housvts can be sited in tlii^ 
nSanner Uiat the experience of years taught the engineers 'Was best. 
These wrongly facing houses are not among the coolest in New 
Delhi. 


G. In Northern India tlie orientation of dwelling houses so 
that the major axis i-uns East and West gives* two tangible 
advantages to such houses, the Grat being the greater capacity of the 
buildings for catching the prevailing breezes, the second being the 
ability to provide large and cool North verandahs for general 
living purposes. But there ajipears to be another advantage which 
has not had the same consideration. That is the disposition of the 
mass of the building in the best manner to resist absorption of heat 
from the direct rays of the Sun. Thia is worth considering. 

7. Let us look, at a few examples. T&he, for instance, a 
square house placed four-square to the points of the compass. We 
need onlv consider the Sun between the hours of 6 aon., and 6 
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We will imagine, for convenience of calculation, that the Sun 
moves in a horizontal instc^id of in an inclined plane ; then 

the East wall would be 
shone upon from C a.m. 
to 12 noon = 6 hours 

the South wall would 
be shone upon from 
just after 6 a.in. to 
just before 6 p.m., or 
just under = 12 ,, 

the West wall would 
be shone upon from 12 
noon to 6 p.m. = 6 ,, 

Let the lengtli of the wall Ite a and the height = h then the 
area of the wall = ah and the number of hours the walls are shone 
upon multiplied by the areas of the walls in terms of ah will be thb 
number of Sunlight Area Hours (abbreviated SAH) of the house. 
But as h will be the same in all the figures to be considered it may 
be omitted and the term a accepted as equal Ut ah. 

Then SAll for the above square building of side a placed four 
squdre to the points of the compass =6a+12a+6a=24a. 

8. Take the same building and place it with its corners to 
the points of the compass. As before consider SAH for rays in 
the horizontal plane. 


w 


N 


(i) 

(ii) 

(iii) 



9, Thns it appears that for rays travelling round in a 
horizontal plane there is no difference in the SAH whctlier the 
sides are placed foursquare to the points of the compass or to the 
half points. If the building were circular it would be easy to see 
that all day long rays moving round in a horizontal plane would 
keep half the circumference in sunlight. Any other cvensided 
regular figure would be the same and we may take it that 
considering horizontal rays we need not give much consideration 
to the orientaHng of our building. 

10. But the Sun’s raji^ arc never horizontal and in Southern 
India they are more ' nearly vertical. A few figures might be 
considered for SAH with reference to rays travelling in a vertical 
plane. For convenience of distinction* vertically considered Sun- 
light Area Hours may be abbreviated YSAH and horizontally 
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considered SAH abbreviated HSAH. Take the following few 
cases : — 

^ (i) Square, side = a, sides facing 

, ■ N, E, S, and W. 


E V* 


HSAH 


VSAH=6a+6a 


B‘24a 


(ii) Squai'e, side^a, sides face NE, 
SE, SW and NW. 


USAII 


=34a 


VSAir 2 x(Sn +2 x Co = 12 a. + 13 a = 24 a 


(Hi) Circle, ui*ea =a®, diani= cir- 

E r ' - -51 w cunifemicc =^ 2 a Half the «dr- 

\ y cumfei’euce would always he in 

sunlight both hoi'izoutally con- 
1 * sidered and vertically and 

HSAH= 12 n ^^ = 13 x l* 773 o = 21 . 2 Ga 

VSAH= 12 a „ ^ 21-260 

(iv) Rectangle, ui’ea-a^, lengths of sides 2 a ainl ^a, long axis 
1 ‘unning E. and W., i.e., the long sides facing N. and B. 


E h 



USAU=(6xJu) + (12x2a) + (Cxia> -30a 

W 

' VeAH-(Cxia) + (Ox J»i/ = Oa 

(v) Rectangle as above, area- a*, leiigfths of sides 
2a and long axis N. and S., i.e., long sides 
lace E. and W. 


E 2« If 


HSAH = (6 X 2a) + (12 x ^a) + (6 x 2a) 


-soar 


VSAH = (6 X 2a) + (6 x 2a) 


-24a 
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Tbe last two oxamplcs, as far as the rays considered vertically 
ore concerned, apijcar to demonstrate tbe impoitance of tbe correct 
orientation of a shape. 

11. It might be objected that this paper appears to treat alt 
hours of Sunlight as equally warm or equally warming whereas 
they are nothing of tbe sort. That they are not and what their 
progressive value is remains to be determined, but it must be 
remembered that if the morning and evening rays may be 
considered cooler than the midday rays, the morning rays play on 
cooler and therefore more absorptive walls, and though the South 
wall, which appears to be the controlling w'all, is shone upon for 
twelve hours of daylight the average heating effect per hour on tiiis 
wall should not be greatly different from the average heating 
effect per hour on the East and West walls whicli are each shone 
upon for six hours at a time. 

12. Of course the amount that heat rays would heat an 
actual substance would depend on the angle (»r angies at wbicli 
they impinged on ^e surface of the substance, but for purposes of 
our comparisons it would seem right to assume total absorption 
from the beginning, that is that the angle between the rays and 
the plane on which they impinge at which total absorption takes 
place =0® 

13. The mathematics that would be involved in working out 
the BAH for rays tiavelliug in a plane inclined to the horizontal, 
the angle vaiying with the latitude and the time of the year would 
be somewhat complicated and tbe Avriter does not see any great 
need for it, pi-eferring to work out any given cases horizontally and 
vertically and then, mure or less arbitrarily, to combine the 
horizontal and vertical flgui’es in some relation to the latitude of 
the place in which the building might be raised. Pi'esnmably 
during tbe Summer in the Northern Hemisphere, the northermost 
line on the Earth at Avhich the Sun appears to be perpendicularly 
overhead at midday • travels from the Equator to the Tropic of 
Oancer and back to the Equator. The average summer line Avould 
therefore be halfway between the Equator and the Tropic. As the 
latitude of the Tropic of Oancer is about 23| degrees, this average 
Summer line is located at about latitude 12 degrees. For average 
Summer conditions we could compare tbe Latitude of places to 
this line. 

14. Thus if the latitude of the place of comparison were 22 
degn^, we c<inid take VSAH and HSAH of our figures and add 
together times VsXH and IxHSAH'^ 6JA being approximately 
the eo-tangent of tbe angle between the latitude 22 degrees and 12 
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degrees, viz., the co-tangent of 10 degrees. Tbas comparing the 
slmpes of paragraph 10 for buildings in Latitude 22 degrees Nurtli 
the comparison would be : — 


(i) Square, sides facing compass points : 

6i VSAIl-H HSAil=5^xl2u-h24a = 90a 

(ii) Square, diagonals to compass points: 

VSAH-hI HSAU=r>ix24a-h24a --15<hi 

(iii) Circle of area (M]nnl to above square, viz a® 

.*51 VSAll + 1 TISAH=5ix21-2(ia + lx21 2(;a-=ir>819u 

(iv) Long Itectaiigle, 2axiia, long sides N. and S. 

VSAH + 1 IlSAfl-5Jx(to-Hx:}0a - Otta 

(v) Long Ueetaiigle, 2ax^a, long sides K. and W. 

5i VSAll + l USAlI=5Jx24a-Hlx30a =-lU2a 


* 15. From this comparison it appeal's that in Latitude 22 

degrees North the Long Rectangle with the long walls facing N. 
and S. exposes less area to the direct rays of the Sun for a given 
volume than any other shape compared ; and the long Rectangle 
w’ith its long walls facing E. and W. exposes the grwiiest area of 
wall for a given volume of iigure to the direci. rays f)f the Sun. 
The former is therefoi'e the coolest and the latter the warmest 
shape. It happens also that what turns out from these caleulalions 
to be the coolest sliape is also the shape that catches most 
breeze from the south or the north, as the case may be, so that it 
would appear that this long rectangle facing North (or South) is 
unquestionably the coolest shape. This particular shape of 
rectangle where the long side is four times the short side M'onld 
hold its own against the square, its ucaresi conii>etitor among the 
shapes considered up to Latitude 57 degrees, but u'>rlh of thi« 
latitude the square would absorb the lesser quantity of heat.. .Much 
below latitude 57 degwes north however the quest for coolness 
would have given place to the quest for warmth. 

16. The Rectangle with the long walls • facihg North and 
South comes out best for building shapes with flat roofs flush with 
the tops of the walls. It would be worth investigating the relative 
heat-absorbing properties of different shapes of roofs. To make a 
fair comparison we should have to compare roofs of equal covering 
capacity and equal volume. The different tyfies of roof would 
therefore have different heights. If we took the area covered as 

a» 

®a“. and the volume that would have to be -heated as= - 2 ,— then 

(i) For a Flat i^oof the height would be a/6. 

(ii) Fox' a pent or wedge-shaped roof it would be a^. 
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(iii) For a pyramidal roof the height would be a/2. 

(iv) For a domed roof of which the dome is a hemisphere 

3a 

the height would lie g . 

17. Comjiare these roofs by working out the HSAH and 
N'SAll of each case and couibiiiiug them, as for wall shapes. All 
tlie types may tie (‘oiisidered to be covering squares of side = a. 
Ttie Hrat may lie considered ultiu-uatively with the sides and com- 
ers to the points of the couifiuss, the set'ond may be considered with 
(lie gables either N & S or K & W. The sides of the K<]uare base 
hi the remaining two cases face (he points of (he compass. In the 
fourth case the dome springs from inside (he square leaving four 
comers to be covered by flat i*oof. The calculations are : — 




'K ■ - a - • ■ 


(!) IV 




% 


w 



For (i) HSAH =24a x a/G =4a2 

VSAII (four squan*) = 

$ 12axa/G + 12a® — 14a2 


VK.VII (coruers to points) 
=-24axa/G =16aa 


-2a2 (1+ ^13) 

Mf (if gables E 
:2as (1+ 


=9..2aa 


= 9.2a® 


(a/ 



VSAH (if gables N & S> 

.10.8a> 

(if gables K &W) , 

= 16.4a* 


’a 

IV 


(iii) H8AH -24axa v'2~x J=8.5a* 
VSAH -10.5 ^2 a® =14.8a® 


(iv) HSAH 
VSAH 


=7.7a* 


4 ^=135a* 


• For detailed calculations see Appendix I, 
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18. In Lutitude 22 degrees Nortli the eomparison of these roofs 
would be as follows : — 

(i) Flat roof, four square, 

^ VSAll + 1 IdSAU = (77 + 4) =.81a2 

Flat roof, corners to compass points 

5i VSAH + 1 IlSAH = (SS + \) =920® 

(ii) Pent roof, Gables N. & S. 

^ VSAII + 1 HSAIl - (59.1 + 9.2) a^ - TM.Oa^* - 

Pent ro«>f, Galdes F. & W. 

5J YSAlJ+1 IISAJI- (510.2 + 9.2) a" 

(iii) Pyramidal Itoof 

V\SAil + 1 Ilfe^All - (81 .n 4 S.r>)aa -89.51 h2 

(iv) Domed roof 

5i VBAll + 1 lIfc5All - (74.3 i 7.7) - 82.0a= 

19. TJie comparison shows iJial for a* givi‘n area and volume of 
roof, other things being equal, the pent roof with the gable ends 
north and soutii is tlie ccsiiesr form of roof and t4e same roof turn- 
ed through a right angle is the warmest. The ligures for the pent 
roof are for one with side slopes of three t(> (wo. The tiatler the 
slopes the more nearly will the pent roof apiiroacdi in heating capa- 
city to the flat roof. The pent roof of the exainjile will hold its own 
against the Hat roof for Jieat resistance, or ratJier, smulJuess (d' 
exposure to heat absorption, up to latitude 42 degi'CH?s north, before 
reaching which the property of heat absorjdioii w'oiild be more 
favoured. The, domed roof conijiares favimrably with other roofs 
and has much to recommend it. 

20. \ ijoint that appears to arise from the above is that the 
usual method of roofing workshops apjiears lo be the least favour- 
able as regards heat conditions for India. The saw tooth rpof is 
greatly used with long sloiies on the south side and north lights 
nearly or quite vertical. These would aj)pear to lie essentially very 
hot roofs and it would be worth while (*arryjiig emt temperature 
tests in exactly similar sheds with pent roofs differently disposed. 

If it turned out that the tignres of para. 18 approximated to the 
truth, saw tooth roofs should have tlieir gable ends north and south 
and lighting should be carried out tJirough the gables or by sky- 
lights. 

21. In this paper the jieriods during which the sun shincK 
directly on a -wall or roof have heeri* considered, no account has 
been taken of the portions in shadow. Walls in shadow' will absorb 
or giv^oflTheat according as they are cooler or hotter than the sur- 
rounding air. The quantities of heat so absorbed may be consider- 
ed by comparison to be negligible, but the*heat given off by a Jiot 
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wall in abadow might be very considerable. If so, obviously it is of 
advantage to inei'ease the snaduws. Ihis can be done by proviuing 
coi'Uices, chhajas and veraudalis which cast shauows downwards, 
and by pilmrs, pilasters ana buttresses which cast shauows side- 
ways. The biguer the latitude the wider should be the coraice, 
chnuja or verandah, which are but derelopmeiits of the same idfM-, 
and the iuoi*e numerous should be the vertical excrescences. The 
wide chhaja of Delhi, Agra, Ow'aJior or Jeyiiore is the result of the 
* striving for more shade or shadow in the higher latitudes. 

22. t!io much for walls. On the roof, shadow's can be cast, 
especially in the moi'e northern latitudes, by parapets running east 
and w'est, several to a roof ; or the southern |>arapet could be made 
especially high to cast a very wide shadow. Another use could be 
made of this very high southern parapet' as suggested in para. 
2d. The inner parapets could lie made very thin and surmounted 
by little peiTorated pent roofs of their own to increase the shadow. 
These suggestions rather remind one of the efforts made to keep 
I'oofs cool by covering them with inverted gharas which after all do 
what they do by casting shadows. 

23. It might be objected that all these excrescences are but 
added area and added mass for the absorption of heat, but it should 
lie remembered that the usual Imilding materials are not very good 
conductors of beat, and these things can be arranged semi-detach- 
ed, perforated and ventilated and they can be made thin so as to 
cool rapidly when they come into shadow. Chhajas particularly 
should be perforated so as to ventilate and cool rapidly, otherwise 
each chhaja might lie liable to hold a pocket of hot air against the 
outer wall instead of allow'ing, if not creating, an up-dra£t past the 
wall. 

24. For small and low buildings shadows can be obtained 
from trees judiciously placed. Tali trees are advisable and such as 
shed their leaves In the cold weather so that when warmth is de- 
sired it might be obtained. The writer’s practice for Railway 
Clerks’ and menials’ types of quarters w'as to place the quarters 
w'ith the courtyards to the south and on the south of these to plant, 
ten or fifteen feet from the outer wall, either one Shisham or one 

^Eucalyptus tree per unit of Clerks’ or per 2 units of menials’ quar- 
ters. It is a. mistake to have too many trees with low branches as 
they retard cooling dowm at night. 

2“.. Because of the rather comprehmisive title of tbh? paper 
something must be said about other matters of common knowledge 
that affect the coolness of a building. These are the refleelive or 
absorptive properties of materials and their heat conducting and 
hei|rt resisting powers. * It is well known that all materials do not 



COOLER IforsiNG. 


33 


absorb heat e«iualJy. Steel lie^ts more readily tliaii stone, stone 
than brick, brick than clay. Bright steel iiu the suii'S rays will 
heat more slowly than dull steel ami xx>ll<3hed marble more slowly 
than uni>olished. Certain colours are warm such as reds and 
browns, others such as blues and greens are cool. Dark shades of 
the same colours absorb heat more quickly than lighter shades. A 
case occurred in I-nao many years ago where the day temperature 
of a house was lowered 13 degrees by while- washing the tiled roof. 

26. If we are building for coolness we should remember these 
things and alloAv for them. We should make the South wall of any 
building ill Northern India smooth and light coloured, give it extra 
mass or make it IioUoav. We should us(‘ for it smooth or polislied, 
rather tluin rough, stone and brictk rather than stone, we slionid 
plaster rather than point *it unless its surface was prepared for re- 
flecting heat. For our roofs avc should use asbestos cement rather 
tiian gah*anised iron, tiles rather tlian slates, jack arches, or even 
reinforced brickwork, rather than stom^ slabs and liirio coTicrete 
ratlior than ecqneiit concrete* of equal thiclviiess. We should avoid 
dark materials, aiming in every Avay at a maxininm of refleetion 
and a mininuim of absorption. 

27. The use of hollow walls is often advocated and Rometimes 
used, but it is qnestionabh^ wliether ilie nsnal alow cooling down of 
hollow walls does not make the average conditions of such walls no 
hotter than those of solid Avails. Rome years ago a- patent Avas 
taken out for electrically pumping all* through hollow walls. This 
might be an improvement but not everybody could afford the jdant, 
possibly, and certainly current is not to be had everyAvhere that 
a ^house is built. But there is no reason why the Run, whic*h is 
everywhere, and which heats the building, slumld not take a hand 
in cooling it, as follows : — 

28. Make the outer Avails of the house liollow, but do not leaA’-e 
the hollowness in disconnected pockets. Make it continuous 
throughout the building, except that the north wall need not be 
liollow. The liolloAvness of the Avail should be nearer the outside 
than the inside. Thus in a wall 1J bricks thick the wall could 
be set out as though two bricks thick and an air space left betwet»ri 
the miter half brick and the inner whole brick. There should be 
reasonable amount of bonding to ensure the stabilitv of the walls^ 
Where the East and West walls were made 1 1 bricks thick the Ronth 
AA^all might be made 2 bricks thick, in which case the hollow wonid 
be in the middle. The Ronth wall would be carried up to a high 
parapet which parapet would be hollow as a whole or in part. The 
function of the high liollow parapet would he to absorb the sun^s 
rays rapidly to heat the air it contained, so that the air would ex- 
pand and rise. With suitably arranged apertures near the Aop 

B 5 
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tliu but air would uMcaiie aud if tbure wui*u air iiiluta auitably placed 
a ateady flow of air in the hollow walls would be set up. The j>osi- 
tion for the inlet vents w'ould Isi low down on the North or cool faco 

. J ^1- T*i I IlIL la*r I k « 

C4*Ib«Z m mm.mw » ’w p v w - m m ^ ^ ^ ^ ^ w— 

Eant aud Went Avails forward to end in i>ila«ters on the Noi'th faee 
and by placing the vents in the angles so formed, or in the relatively 
cord North verandah and in the vicinity of foliage plants or palms. 
Tliese vents and possibly the outlets in the Soutlierii Iligli parax>et 
would have to be provided with sliutters as it would be undesirable 
to allow tlie pumping of air to go on during tlie cold Aveather 
months. 


2b. Normally, Avails of buildings are made lo 2 bricks, say 
b indies to 20 inches, thick, but roofs are seldom inoj*e than 
10 inches thick in the thinnest [»arts and often they are l(‘ss; in the 
cases <rf tiled, slated, sliingled, and corrugated j*oofs, Aery luucji 
less. 15ut r(K)fs are shone on as much as Soulli Avails and they 
should be as thick. Jt is scarcely practicable to inak(» all roofs 15 
to 20 iuclies thick, but nimdi the same etfect can ])e oblaineil by the 
judicious use of ceilings. Imagine a thin Hut roof of a house with 
the Sun shining on it all day. It gets very liot and the air on the 
underside in e<intact with it also gids very hot. By conveetioii this 
hot air Avill stay at the lop of room and if it is not <lislurbed the 
heat from this zone of heated air Avill reach the remainder of the 
room only very sloAvIy by dilfusioii and coiidndioii. Bnl agitate 
the air and the luNiliiig princess will go on rapidly ami the 
tiunperature of the air <d’ the Avhole room Avill be A^ory quickly sCiid 
considerably raised, (^online this hot air by a thin non-conduct- 
ing celling, made of cloth for the poorer houses, of papier niach.e, 
asbestos-('.eiiieiit or match-boarding for the better houses, and the 
heat absiU'ptioii of tin? Iniiisc will be greatly reduced. The space 
iKdweeii tlie ceiling and the roof should be the maximum that eau 
be (‘OiiA’eiiiently given and lliere should be no eoniiection botAA'eeii 
the air in the room and the air aboA'e the eeiling. In dainji jiarts 
of India the eeiU^l space Avouhl require to be A’ontilated to check 
the sAveating of the rtyof that otherwise Avould take place. In dry 
jiarts, as in the V. V. ami the Piinj.ab, A^eiitilation might jierhaps be 
proA'ided, but it should J)e ciapable of being stopped, to make use 
*of the ceiling against the rapid cooling of the room from the 
chilling of tlie roof at night in the cold weather. 

:10. Throughout the preparation .of this paper tlie writer 
has in mind the heat of Northern India. To people Avdio have not 
exfierieiiced this lieat it is not imaginable. Certainly conditions in 
r^alcutta and, as far as I can see, in the whole of Bengal and Assam 
are as diflFcrent as they can lie from those in the U. P. and the 
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Punjab. In these and other dry parts, where humidity is only ex- 
perienced in the rains and the temx^erature of articles left in the 
8uu rises i>robably as high, in some jiarts, as 180 degrees, the doors 
and Aviudows of houses are closed at ahout 0 a.ui. aud are not 
o|>ened again before 5 ]3.ni., aiul, it may be, not till a great deal 
later, l^eople seal themselves into their houses and if they let air 
into the liouses at all it is through khas tatties. Exposed Macadam 
and masonry become piiiiiig hot and do not cool till late in the 
night and sometiiucis not during the whole course of the night. 
iJonditious can be greatly ameliorated if one has the use of large 
quantities of w’ater, not only by means of the khas tatties, but, 
when evening sets in, by Avatering all adjacent nuicadani and 
masonry surfaces in the of>en air. Availeriiig the roof of oin^'s honsi* 
and the iloors oL' the verandahs, also lawns and jdaiits favourably 
plac'etl. Not everylKMly knoAVS of tliis use of water and not every- 
Ixpdy ean g<‘t the necessary water. Where water is available 
sx>rinkIerH on the roofs of Inmses would ladf) matters v*ery consider- 
ably, because turned on near siinsi-t they Avoiild speed u|i the co4>l- 
iug doAVii of the houses so fitted and would let f lic^m begin each day 
at a lower temi>eraturc than they would otherwise attain to. lie- 
si<h*s, the moistuiH^ given off, if ih<*re were siilliident. of it, as there 
might be if large numbers of houses w(U*e fitted, might locally tom* 
down tlie Siiifs rays, as presumably ti^iiiolstiin* in tlie air docs in 
lleiigal ami Assam. 

'Die. need for s<‘:iliiig up tlie Imnses in tla^ day is iiiifiir- 
tuiiate. In private houses the results are not liad b<*cause there is 
usually an ample n‘serve of air for I In* small nniiiber of i^ersons 
occuj)ying them, but in clubs ami olliccs and places wln*re j>eoph? 
VA'brk, the*iieed for fresh air is fidt, and eithe khas tatties arc^ used 
or hot air is let in through some of the doors or windows. The use 
of khas tatties is not a]A\-ays f<irtiiiiate for they soiiietiTries bring on 
colds and rheumatism, though people AAdio use them Avisely can 
usually avoid these troiibh‘s. Khas tatties as used are not al- 
together scicntitic. In themselves they ar<* quite sqceessfnl in the 
production of cooled air, but they are wrongly placed in the doors 
and window's on the floor it is desired to cool. The cool heavy air 
from them descends and there is no reason why it sliould rise again 
until heated above the tcunjieraturc of the air immediately above. » 

Thus the feet of people are cooled rather than their heads. 
The pro|ier place for the kiias tatiies w'ould be about the level of 
the clerestories or actually on tin? floor above. The AV4>iider is that 
this had not been thought of when everybody who can read knows 
that cool air descends. The coolness of the Tykhanaa in Lucknow, 
in the Residency and La Martiniere (Gonstantia) for instance, must 
have been noticed by liundrcds of persons. -Yet as far as the writej* 
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could see wlien lie began Ms experimeuts it bad not occurred to 
anybody to locate kliafes tatties at a liigli level, until one day, some- 
time after lie iiad made liis first experiments, tiie writer in tlie 
course of Lis duties climbed on the roof of a house built many many 
years before and found it iitted with special lofty skylights wlji<-Ji 
were evidently used not so much for light as for ventilation, and 
not for taking out air but for supplying it cooled by khas tatties. 
The air shafts had apx>areutly not been used for years for suxiidy- 
iiig cooled air and had degenerated into air extractoi's I'atlier than 
suxiidiers. 

32. lint the writer had been arguing along similar lines to 
the builder of that house and was pleased to see this isarlier ellort. 
though rather dilVt*rent 1‘roni his own, which aimed at the elimiiia* 
Uon oL‘ the iiioisture of the khas tatties, for two reasons, lirstly. 
because of the rejmted uiihealthiness of the «:old damp air and 
secondly because the cooling elTects of dry air were so much greater 
than those of damp. The Avriter believed that a temxierature of 
1)2° of dry heat was much more desirable than a temjierature of 
of 82° of moist heat. h\irce of circumstances luought the exiieri- 
iLieuts to an end, but an outline of the princii>les along Avhich-tlre 
trials Avere jiroceeding and a descrijition of the last stage of the 
apparatus tried might not l^out of place. The principles are very 
simple, viz : Hot air rises^old air falls. A hot chimney causes 
ail uiKlraft, a cold chlinuey a downdraught. Metals readily take 
up heat and readily x^art with heat. It takes a great many thermal 
units to heat water, it takes very feAV to hc?at air. EA'aporatioii 
cools both the air into which the moisture e\'ax>orates and the sur- 
face from which evaporation takes i)lace. The apiiaratus consists 
of a metal pipe surrounded by a Avater jacket. The cool water of 
the Avater jacket cools the pix»e. The air in the pipe is cooled by 
contact >vith the metal. This air falls. If the top end of the air 
j)ipe is <!Oiinectcrt with an air inlet a doAvndropping stream of cool- 
ed air will result. But from the heat giA'cn ux> by the incoming air 
the wafer jacket will become Avarmed and means w'ere required to 
ki*ei> it cool. The means iiroAided Avas in the exhaust which was 
made to jiass through porous pipes standing in the AA’^ater jacket, 
thus recooling the Avater. The exhaust Avas forced by lieing con 
nected Avith a heated cliimney. heated by lieing exposed, aboA^e the 
roof, to the Run’s rays. 

33. A more detailc^d description of the apparatus is giA^en in 
Apfanulix TT. The apjiamtus can fail by the inlet air coming in too 
fast. Tliis can be controlled by throttling. The porous pipe might 
fail by lieiug too porous and thus dripping,* or it might become 
clogged. The first is a matter for exx>eriment, the second a matter 
of convenience of renewal. In Appendix III the application of the 
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apparaitas to the cooling of Bailwaj ca-rruiigee in iHsctuisccl. The 
apparatus lends itself to the use of ice for cooling the water in the 
tanks and the cooler the initial tempera tuit^ the cooler the average; 
temperature of the incoming air could be niainlaineil. The inlet of 
cool air would be placed at as high a level as possible and certainly 
above the level of ceiling fans. There is no limit to the number o‘f 
inlets that might be used. Tlie inlets wtmld best lie in the North 
verandah or on the North side in a partially open room. If the 
Itouse were two stt>ruHl it might pr»»ve Is'st to have a nortluTly 
upper room cooled and to lead air hy ducts from it. 

34. No mention is made of power cooled rooms or houses 
1 hese are not within tlie reacli of all aiul llie purp«»se of this isiper 
lias iMKui rather to speak of things that <-o«l«l he provided as regul.ii 
pa^rts of tile lionst's and which would not cost v(‘ry iiiiich to main 
tain. The writer iiopes that if (here is any good in his sngg<‘s( ions 
they will he taken up and exjM*riuientcd with and that they might 
ultimately turn out to the general good. 

3i>. In a]tpeii(li\ Til will he found an adaptation of (lie 
uxpgriinental cool air inlet to Railway t’arriages. 
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Calculations of vertical and Ilorizontal Sun Light Area Honrs for 
different roof sluipes. For duigranis see page 30. 

(i) IVirallelopi pedal roof four square to compass points Square 
!)ase of side = a, height -a/0. 

IIKAH- 6 (ay -) +12 (ax -) +6 (ax -) 

6 ^ 6 ' 6 

a^ + 2a^ + 11^ 4 a^. 

VSAIJ (0xaxa/0j+ 12a2 + 0xaxa/0-^-ll a^. 

I’arallelopipedal roof^ (corners to compass points 

Square base of side~a height=a/6. 

USA 11 = (3a X a/0) + (Da x a/0) + (9a x a/0) + (3a x a/0) ^ 

- 24 »x^= la* 

6 

VSAII - (2 X Ca X a/G) + (2 x Ga x a/0) + 1 2aa-lGa2. 


(ii) Wfflifc or Pent I’oo/, gables North & South 

Square base of sidc = a. IIeight=a/3. 



LengMi of one slope of roof = V(i) *+ (a./3)* 


— a. — ^ , 

=a/5?j.2? = * ^13 

4 "^9 '6 

IfSAlI = C Ca ^''13/6 X a)+ (12 X J X a/3 X a) +6 (a VTs/C x a) 

= a® v'i3+2a*+a* V'i3=2a* (1+ 13)=2a*x4.61=9.2a* 

"I 10^ 1 *iG 

VSAH ^ 3 X X 12 X a v'l 3/0 x a = -^ x v' i;i a*=ll .7a* 

or Prrif roof, gables Kast & West — 

Sqna re Uise — a, height ^ a/3. 
I!SAU=3x<Ua/3Ka/2+12xa® '^i3/6=2a* + 2a* '^13=9.2a“ 
A’SAll =2 X 6 X a/2 x a/3+12 x 2x a ^ 13/C x 4 

=2a*+4a* ^a3=2a* (1+2 'v'73)= (2+4x3.61) a* =16.4 a* 
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(iii) Pymmida^ roof — 

Square liuee of side - u . Iieiglit - a/2. 



^ % 
% 


' \/< 


-21 a*/ '''2=10.5 ''2a2-14.Sa» 


(iv) Hrniixjthcriral Ifoof. diain. - a. 

Square base of side- a, liciglil 3ii/£. 
. The dome is a segment of a sphere. 

Volume of segm(‘nt - (3d - 2h) 

6 


Take d=a, li-Jla/S. 


Then Vi»l.= 


itx Oa® 
U I X 0 


(3a 


Oa) . 

« 


3 X 3.14100* 18a 84.8 a^ a* 

~ 128, ■ ^"8“ f,12 «- 

Diam. of sphere of whieh this dome is :< segment. 


_4 j. 3a _ a' 8 3a _ 16a + 9a _ ^ a 

8 “ 4 3a 8 ~ 24 ~ 2A 

8 


Area of donie-gx wx 


(25af 

2'4* 


3 w 625a‘' _ 13 w a‘ 
“ "S ^ 576“ “ 32 

HSAH=^ xl.28a*=7.68 a* 


a[>pn)x.=] .28a*. 


VSAH=9xl.28a*+9 (1- a^-Ox 1.280*4 Ox .22a*. 

4 

=9x 1.5a^=13.5a*. 
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Valculations and drscriptions of Cool air Inlet for Houses. 

I. Til April 1916 I ina^dc certain observations of the cooling 
cjffects evaporation off the surface of porous earthenware, as 
follows : — 


The luaxinium aii* t.*‘iiiperature during the period of observation 
was 101°. The air was as dry as it usually is in Aiiril in Lucknow 
tlie i>laco in wliieh the observations w^ere made. 

Water at Ui leiiijKU'ature of 91° was put into a matka at 
Jl»10 Jlrs. one <lay. It went through the^Jfteatof the day and the 
teiiip€*rafiire at 17-iM) Tlrs. was 77°. The irext day the temperature 
was 71 and on the tiiird morning at 8 o’clock when the air tem- 
perature was 84° tin* water in the matka reached Us niiiiliiium teiii- 
perature of 69S°. 

2. The range; of (eniperature that eoiutei-ns us aud the appara- 
tus sketclied is that, say liotweeu 77° and 91°. With dry air and 
electric fans or puiikhas the higher is a tolerable and the lower a 
cool teinjieratiire. We need not trouble about the lower tempera- 
lures of the second and tliird days. 


Treating the matka as a sjdiere, the diameter being lil" we get 


Volume - " where dia =-13» 


~ ^ 12 ^ ^ 12 


_ 11 X 13 ‘ _ 11 X 2197 
“ 21 X 12 ■ ~ 21 X 1728 
Siirl'aee = n d“ w’lieve dia. =^13" 


= iJ/3 cubic feet 


_ 22 ^ 13 ^ 13 _ 22 X 169 
“ “7 ^ 12 f2 ~ 7 X 144 

-3.7 square feet. 


3. But the whole of the water in the matka is not in contact 
with porous sj^rfaco. Assume that only 7/8 of the surface is avail- 
able for cooling purposes, then 


2/3 cubic foot water is cooled 14® in 6 1/3 Ilrs. by a surface of 

7/8 X 3.7 square ft. 


1 c. ft. water is ctmlod 1® in 1 Hr. by 7/8x3.7x 
2.2 square feet. 


2 

3 
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Water requires 62.5 BTltUs to raise 1 c. ft. 1® in temperature 
in 1 hr. “ 


1 sq. ft. porous pipe absorbs - BTliUs per In*. 

-28.4 lOTiUs i>ev hr. 

4. At the time tli.at the above iiiejitioiied obaervatioiis were 
made, i.e., with a ma.viiiniiii air t<*iiiperatare of 101® it was observiMl 
that a room on the N. E. coiner of a house rose in temperature, the 
room being closed to exclude warm air from outside, from 84® at 
0 a.m. to a maximum of about 92® — this maximnni being i*eached 
at about 14 Hrs. It may be taken that this room warmed up 8® in 
r> Ilrs. I< is admitted tliat the observaitioiis were insiifOlcient to 
establish all that it might be desirable to establish, but they gave 
sonje information to begin >vork on. liecause the room was on the 
N. E. its Avails erased to be subjected to the direct rays of the Sun 
\t 12 noon. Only the roof Avas shone upon after tlmt hour. The 
cliaiH-es are that there A\ns little actual increase in the temjieratiirc^ 
of the room aftiir 12 noon. Assume that this is so and that the rise 
of temperature from 84® to 92® took place in 3 ITrs. 

1 llTlilJ Avill warm up c. ft. of air 1® in temperature. 

The size of the room Avas \iV x 17' x 18'. The number ol* 
IlThTTs that it Avould absorb 1o raise the tenipc*Tature 8® would l»c. 

10x17x18x8 ^ 30108^^1, 

55 


• Add some 25% io Ibis to allow for errors and hoi ter days, tlien 
AA'e may re<‘kon the number of llThl^s i>er liour absorbed by the. 
1 : 00 m as/lOO IlTlilTs. 

5. A liealthy adult gh'es off some 15. 0 c*. ft. of air per hour 
Avhen at rest and more than double this Avhen working hard. Hiip- 
yiose he gives off 25 c. ft. at a temperature of 98.4®. Suppose if is 
desired to reduce this temperature to* 84® then the number of 


IlTiiTTs per hour to Ik* absorbed - 


^ 55 ^^ BThUs 


[)er Hr. 


— 6.(5 BThUs per hour which is negligible comparerd Avitli tlie 3i)0 
BTliUs above. Even allowing for three* or four persons in so small 
a room the percentage of increase of BTliUs w^oiild not be more 
than the percentage that may be allowed in the making of ihe 
apparatus for just such contingencies and variations of manufac- 
ture. 


G. Now it is desired to ventilate a room 16' x 17' x 18' absorbing 
300 BThUs per hour, from the Sun and maintain the temperature 
of the room at the same temperature as it begins in the morning, 
Say in this case, 84®. « 
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The air win be taken from the North, or cool aide. Suppoae 
the tdfaaperatnre of the outside afer on this side is 120°. The tem- 
perature of the air let into the room must be somewhat lower than 
84° in order that 800 B Th Us of heat might be absorbed by it and 
the temperature not raised above 84°. 


Buppose that the air cannot be cooled before enti'y below a 
tempcratui*e of 80°. Then the qiuintity of air at this temperature 
that must be provided per hour to absorb these 300 BThUs is 


800 x 65 
4 


c. ft. = 4 125 c. ft. 


4125 c. ft. at >U)° is at 120°=-4125x 


IL491+40) 

4iil 


c. ft. 


4125 x 531 
101 


-say 4500 c. ft. 


to 80°. 
ing 


Tile air sujiply is 120° in temperature. This must lie cooleif 
Therefoi'e the cooling apparatus must be capable of absorb- 


4.500x40 

55 


BThUs. = say 3300 BThUs. 


Oliservalioii showed that porous pi]>cs ara cajiablc of lowering 
ihe temperature of water to 09°. If the w'ater in the cooler began 
at this teinperatui'e at. S a.ni. it should not rise in temperature 
above 78° by 12 o’clock and the quantity of -water that in four hours 
would absorb 3300 BThUs fora risi* in temperature of 9° 


4 X 3300 


=23i c. ft. 


~ 9x02J 

But eva])oration oflf the surface of a porous pipe would be cap- 
able of lowering the temperature 9° in 4 hours, so it is not 
nec4?8Hary to pi*ovi»le foi* more than one hour’s supply of cooling 
water and the size of the tank need not be greater tliau ^ of the 
above, or say of U c. ft. capacity. 


8. If we made this U c. ft. tank 3 feet deep its area vroiild be 
2 sq. ft. 

The area of exposed jiorous surface required to cool C c. ft. 
water in contact Avitli it per hour (conditions only I'equire 2^) 
=5Jx 6=33 sq. ft. 

Pipes 3 feet long with a total surface of 33 sq. ft. -would require 
a total width of 33/3=11 ft. 

Make the pipes 5^' internal diameter then, the number of pipes 
3'x6J' required to cool a 6 c. ft. tank of .water 2J° per honr= 
11x12x22/7x2/11=8 about. 
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The area that 8 pipes 3 feet long will oi'cupy in the t^k of 

, - * o 22 11x11* 1 

two foot ore..8 x -jx x jjj 

=1.32 sq. ft. (pins an allowoni'c for tUiokness). 

9. To find the size to make the opening for the inlet of fresh 


cooled air : — 

Temi>eratm‘e of air in cooler = 80° 

Temperature of air in Kotuu =84° 

Depth of cooler = 3' 

Height of column of dt^seeuding air - 3' 


Oo-effici(*nt of (?xpausiou of air= 1/491 jH*r dt!gri*e. 

• The column «>f air at 84° ivquii'cd to su]q>ort a 3' column at 
80° =3 plus X 3=3 1/41. 

, The cold air will descend with the velocity of a body fulling 
through 1/41 feet. 

V= V 2gh = v' 2x32.2 >•1741=1^ feet per second. 

The air I'equu'ed is 4500 c. ft. per hour. Therefore size «>f 

... . , 4500 4 . , 

inlet required = x e == 1 SQ* foot. 

^ 00 x 00 5 

10. The quantity of air coming int(» the room is 4500 c. ft. 
]ier hourji The quantity of air going out sin.ald he tlic same. This 
a ill pass through porous pipes, the cross sectional area of which is 
1.32 s<|. ft. The velocity at which this air would pass tlirongh the 

porous pipes would be ^ ‘32x^h{6 0~ which 

should be fast enough to evaporsite, moisture on the surface of the 
jiorons pipes. 

11. The exhausting agency would be a black iron chimney 
(S feet high exposed to the heat of the Sun. Suppose the chimney 
heats to a temperature of 140°. The temperature of the room 
from which air is to be exhausted is 84°. The difference of tem- 
perature is 56°. 

Velocity of out-going air=8.2i/ir where h= 

(h=6+(66/491x6)— ff=.7l. . =8.2x V'TTe^ per sec. 
ssB.O feet ner second. 
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4500 c. ft. of air per hour paaa through thia chiuiiiey. The 
cross sectional area of the chimn% to pass this quantity of air 
should he 
4500 

«;r« - 68 ; iio 


Add 20% to this for friction and the diameter of pipe necessary 
works out to 0^ inches. 

12. Witli tlie figures workeil out in tiie preceding paragraphs 
we can proceed to design our apparatus, erring always on the 
liberal rather than on the close side in our dimensions. The draw’- 
ing accompanying tliis appendix Avas [>i‘cpurcd many years ago and 
it is now discovered does not quite lit tiie calculations. The design 
also is rather ehihorate but any EngiinMU* can ]>repare a sinii»ier 
design fitting the calculations. It is clear, the w'riter believes, that 
the addition of a few seers of ice to the Avater container every 
morning would greatly improve the cool air supidy. The Avater 
cooling units should be so designed as to lui easily removed and re- 
placed. TlM*y should ns far as possiltht be all alike. 
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1. Much of what iian iK^eii Kuid iu the accoiiii>anyiiig paper ou 
Cooler lioUMiug applies a Jortiori to liailway carriages. The rail- 
way carriage is a box on wheels in which in India men, w'omen and 
children often sj^end long i>eriods of lime. In some parts of India 
travel iu llieni is not too bad, even in llie liottest weather, so long 

^ as file train is moving or the air can be agitated. But in the drier 
and hotter iiarts the heat in a KsiiJway train often beggars des- 
crijdion. Whcire there are many persons in a compartment it is 
hard in <lo without opening (he wiiuhiws (o let fresh air in and 
the t(^iiiperature of this fresh air might be as high as 140® or more. 
WitJi the windows closed ami only one o<-ciipaiit per coini»ai*tmeiit 
the rising of the tempin*ature to 140® is only retarded. In tlih 
iipjKU* class curi*iages, the action of the <*eiling fans, which it is 
impossible to do without, merely sj^eeds up the heating of the eom- 
partuieiits, for they drive air do-wnwards towards the floor from 
which it rises all round along the heated sides and elose to tUlF 
more heated ceiling or roof to <lc*sceiul again by the foree of the 
fun. Moist cloths hung in the air-stnnim at a high level help to 
mitigate tlie hardship but the very moisture is inimical to prolong- 
ed iiujirovement. A cool air inlet and a hot air exhaust is required 
in each small compartment and more iu largtu*. The very mol ion 
of the? train is helpful towards both pumping in eool air and ex- 
hausting the warm, and when the train is not in motion the ceiling 
fans ean be made to help iimtiers, more than one way Avonld be 
suggested to anybody giving the matter thought. Exhaust ai^ 
would ])rol)ably always be taken out through the roof, inlet air 
might come in through the floor, the ends or the sides; in the case 
of the sides the user could be given the option of taking it from one 
side or the other in order that the sunny side might be avoided. 

2. The foHowijig is a description of the combined cool air in- ' 
let ami hot air outlet jiroposed as a unit fora railway carriage or 
(*ompurtment. If drawings were prepared of this they are not 
forthcoming, but the sketelies will serv«‘ to indicate the nature of 
the apparatus. 

S. Assuming that the maximum teui]>erature mentioned above 
is somewhat exceptional, there is no doubt whatever that 120® is a 
common enough temperature in a Kailway carriage. The appara- 
tus is designed to the following data. : — 

Size of compartiaeut 10' x 10' x 8' 

Teiu{>erature in the morning at 8 - ... =82®, say 

do. at 12 noon =120®, say 
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Tlie eudeuvour will be to keep it at 92® 

The temperature increasee 120®-82®=38® in 4 hours. 

„ - _ , 10x10x8x38 . 

No. of B.Th.Us absorbed = — ke — per hour 

ODX 4 

=138 BThUs per hour. 

138 BThUs per hour would raise iii temperature 1 ® 

138x5i> t*. ft. air per hour. 

= 7590 e. ft. of air per hour, and if the opening 
through which this entered w'ere made of a clear area of J sq. ft. 
the velocity of the incoming air would Im 8.4 ft*et per second or 
alM>nt 0 miles an hour, a reasonable s(>eed. 

Suppose the air outside has a temimmture of 140® and this has 
to be lowered to 91®. Then the cooler must absorb 

— BThUs per hour 

55 

• =0762 ,, „ 

At night Avith the air ]>laying thr«nigh it the c<M>ler will tend 
to cool dowiLA'cry c'onsiderably, and 7.5° should not be an linreason- 
able minimum temperature for the water to attain in a moving 
tcain. Taking the morning teinpemture of the water at 8 a.ui. as 
^5° then the A'olume of wat<*r requin*d in onler that, absorlung 
0762 BThUs ,per hour, the w'ator, by 13 ntum, should not rise in 

6702 

tenifierature above 91°= 3 ^==^ gallons. 

But a porous pipe can lower the temj)erature 15® in 4 hours 
and the tank need not contain more than 45/4=11^ gallons. 

The area of porous pipe that would be I't'quireti to lower tlio 
t<*miwratnre 150® in four hours would be 
• • 5Jx 15/10 sq. ft. j»er c. ft. of W 4 r*'r= 7 J sq. ft. 


4. Porous pipe 5’' dia. has surface per foot-run of 1 1/3 sq. ft. 
Area of porous pipe required to cool ll| galls. 

“i^>‘7i=13i sq.ft. 

Therefore lengtii of pipe requir<*d =10 feet. 

The box should be at least half this length. Make it 6 feet long 
inside. 

Tnlet occupies 1/4x6 c. ft. =1J c. ft. 

^ . . 2 x 22 x 26 x 6 -• ».yo m 

Outlet occupies =1 5/8 c. ft. 

i X )C jL^nc 


Total capacity of box to be water l*/s, inlet 1|, outlet 1 */h 
= 8 ay 6 cubic feet. 

Length of box =6 feet. Width must equal I'-f C'+lO' + l* 
=18» 

Then depth= 5 'xl/ 6 x 2 / 3 =say 7 inches. 
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(xmiiKsiK )Ni)i:Ni'.K. 

Mu. J. W. Meauks remarked that he was intereshMl in Mr. Mr. J. w. 
Morgan’s pap(‘r, beeause he took out the patent referred to for the J*®®**^**- 
use of hollow walls eombined with air-eooling by fan. The Hellii 
a-uthorities got so far as to design two housc^s, idmitieal in twery 
other respeet, one with solid walls and tlie other on his prineiple; 
but the war stopped their eonstruetion, and he did not keej) iij) the' 
patent. It was therefore opiMi to anyone to ex>nstruet such lionses. 

The eost was some 20 per eeiit. higher but the running expenses were* 
not SiM'ious where eleetrieity was reasonably <*heaj>. 

Jt seemed, however, probable that some combination of Mr. 

Morgan's ideas and his own might be feasible and more eeonomieal. 
it was well known that sedan* heait had been iise^l in Kg>'fd for am 
experimental power plant, with the help of mirrors. If ai Indlow 
walled building was eonstruetaMl, with s(H*tionaliz(Nl aiir passages i»» 
aceordanee with his dmgn, and with similar thermantidote arramge*' 
ments, elireet solar lieait, supplemented possibly by r<*tle»*(ors, 
epuhl perhaps be utilized to give the iie<*<»ssary up drauglit to the aiir 
from a blaiekeiied drum, a short iron ehininev bedng used ais the* timil 
outlet. , 

in theory the prineiple wi>uld work, if it were suec*a*ssfnl in 
praictiee it would do inueh to alhwiate the hot weath(*r in dry 
localities — a>f 00111*80 it wouhl be uselc«ss in places like liengatT. It 
seemeil surely worth while for (iovernnu*iit to start wliere they left 
• off in 1014, and to build one pair of comparable housa^s as ai ju'il 
inising and inexpensive experinieiii, lOn 

Dewan JIahaix u a. V. Ka.\ialim;a Aiyau saiid tlmt the paiper oewmi 
was an interesting one and no doubt provoked tlioiight on ;i sub- 
ject which had had yaiy little attention bestoMM^l to it. The sub- liiiRa Aiyar. 
ject, viff., Cooler Housing was rather fascinating but was a vejy 
complicated one. Thei-e were <wer so many factors that entere<l 
into it, and obviously only a very few of them had been dealt with 
in the paper; naturally what place these had, how far tluiy affected, 
what was the contribution these made in cooler housing, were still 
in the region of experiment and elaborate experiiueiits were i^e^ 
quired before these questions could lie answered. Consequently, 

B7 " 
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coiiKiclmii^ tlie cost (if liiiildhig lioiises^ the fact that however much 
an Eiiginc‘ev was anxiou.s to conduct (*xj)eriineiitK on a scientific 
iiUHihi, ill the abHc*Tic(? of help from the Slate, his progress would be 
liiiiiU^d hy his pnrw* and could not even f(ir tlie ricbest of the 
Engineers exleiid to inonf than a house or two. The pnjgress 
would be v(*rv slow iliiIc^ns Oov(Mriitient or some rich Institution 
(M)iibl take this up for special investigation. 

Let. it b(‘ seen for a nioineiit what theses oth(*r factors were: — 
nearness to hills, n(*arn(*ss to the si^a, proximity to a w'ooded 
forest, proximity to hik(*s, (diwation, clircictiou of winds, geniTiiJ 
rainfall, wet months, dry months, cloudy months, humidity, etc. 

Thus none thought of cooler housing either at Ootacainiind or 
in M(*rcara, or in Ilangalore. Uoohu* Jmusing ait Madras would be 
a. somewhat different problem from what it was on the \Wst Coast. 
In one place the Si^a was on the East and in th(‘ other on the West. 
Similarly, places with hills on the East would have to be dealt with 
differently from tluise winch had tinnii on the' \V(‘st ; places on one 
sidi* of a wide river or a large lake w’oiild irc(iv(» a different tr(*ai- 
jneiit from those* on the other side. The author, himself, had re- 
cogiseMl the diflVre*'iice in para, -b, bedw'ee*n a hiiinid and a dry 
place. 

Out of a host of elemients, the author had dealt with only erne, 
'Ciz.y the effect of sunshine. Here it must be said that it W'as not 
clear had be derived tlie coefficient as cotange*iit in para. 14. This 
W'ouhl have to be* exjdaine*d further. Then again where* factors 
such as shadow*, eic., bad not liee^i elaborately dealt with, it might 
Jiot be ere*ii conducive to any accuracy to h*ave out the factor men- 
tioiieel ill para. 12. Tt would be; worth winie iiive^stigating this 
mathematical the‘ory a little; furthe*r and ass(*Ksiiig tJie e»ffect of the* 
angle) of iuipae*t at ditferemt hours in the same* day and in different 
mouths. We were of course coiieteriied only witli the hot months in 
e*ach phu‘e. 

Th(*ore*tie*al e*oiiside*ratioiis, no doubt, leMl to north facing in 
the nortlierii latitude*s biit^this was unfortunately one of the im- 
positions eif the* we*sl(*i n engineering conditions and had now’ been 
given up e*ve*n by the Hovernment w'hich eonstructed most of its 
Ibth e*e*iitury buildings on that ieie*a. The soutlierii Inelian on the 
East ('^oast always pre*feiTe*d a senith faedng hnilding perhaps for 
the* feillowiiig among other )*easoiis : — 

(ei» He got tile- south w’est monsoon winds but not the rains 
and this monsoon coine^ieled with this hot season. 
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(fc) The south faieiiig rciouis got pleiit v of light auul ait the same Dewan 

time were not exjioseil eitlnu* to the morning or evening ^ 

sunshim^, the former being more nnweleome. iinaa Aiyi^nai; 

Again the Indian in eities was more eonlined to living in 
streets and here again the south faring id the indi\idnai houses 
meant the east faring of (he entire block which accorded with tlie 
authors idea. 

Earlier portions of the pajier were no doubt very useful in that 
they exjilained the idea- of suiiligiit houses but the paper rather 
abruptly turned to the subject of shadows without telling us how 
the theory had been applied, if it agi*eed with pcaetice, ete. The 
same applied to tlie metbods of eooliiig houses and railway 
earriagi's. He liojied that the author would be able to 
apply t.lim‘ metbods and give us the beuetit of bis furtiier experi 
jueiits. From a comparison of the sunliglit liouses, it bad been 
made out that a pent roof was cooler than a Hat roof but this was 
with no allowance for tin* faet that the former was a much thinner 
roof and would therefore permit radiation and roiiduclioii cm a 
l^rgei* scale. 

No douht from the angle that the author viewed the use of 
khas thatties, its position seemed wrong. Li^t it be eonsidered in 
this way. There was the room with its air conlents of wldeh only 
the bottom H' or 8' limght were used. The upper portion coutaiiie*! 
hot air which could only go up and could not come down. Air was 
a /air nonconductor. And let us suppose that (he room had sutticient 
doors and windows up to a height of S'. Then obviously it was not 
worth our while to b(» cooling all Hie upper lir above S' and it 
would sufTice if we did it for the height \\v used, and so long as 
suflieieiit replaceineiit of this air reipiired for breathing purposes 
whieh the author had shown was comparatively a small f|iiantity 
then there Avas ilfi object in cooling the upper air and inducing a 
draft much above what was re(|uired for air purposes. 

There was one other point lie wislied to meutiob and that was, 

(hat comfort in hot weather |ierha[)s depended more on the absence 
of swe-at than even on temperature and so long as a eeiliiig fan did 
this and also helped to cool the air in the bottom S', even its 
position as actually adopted uiiglit not have any serious drawback 
and even a ceiling fan could not in a large room indulge more than 
a few ripples whieh would die in the room itself and so a eeiling 
fan did not induce any heavy draft. • 

I)b. Chakko saici that gardens and trees had an important in- jJ,, ^ 
fluence on the c^mlness of a dw'elling house. The nature and direc- Ch^kko. 
tioQ of wind also affected the temperature. The author discussed 
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the prohieiii mainly from the deaipi of the house. There was a 
]>OHHibility of other us|KM*tH being eonsidered of minor inipoi*tance, 
or of no importance at all, whereas it was quite possible that 
gardens and trees siiitalily situateil might give cooler houses more 
cheaply than by special design. 

Kao KAiiAia a Kihsiinaswami Oiii-riTV remarked that while ap- 
precdating the work of the Author of the paper “(kmler Housing,’’ 
he would like to point out that the Author could well have men- 
tioiHMl something about the use of Electric Kefrigerating Apparatus 
for (‘ooling Innises. lie anticipated that in the next few years 
there would be small, cheap and economical refrigerating bhnvers 
for doiiH'stic. use. Such a unit would cost not more than 
Ks. ly.'iOO/- while the ciirn-nt consumed by the Kefrigerator woubi 
b(» about units jier day. This apparatus woiibl be suitable for an 
average mirtimiim sized building. 

Mil. E. E. Dksiuiisi.ais .said I hat the subject involved two 
general liiu*K of investigation 

(u) The existing heat 

{h) The proteidion of the interior of houses from this heat. 

The Author had attempted to give his reasonings a mathemati- 
cal appearan<‘e, but there were many contradictory, illogical and 
incorrect stati^nents whiidi required explanation before, the sub- 
ject as investigated by him, couhl hold with the accuracy of 
inathemat ical deduct ions. 

First all in regard to para .’1, it was widl known that the 
prevah-nt breezi's, north of the tropic of (\incer and in pla<*es like 
Patna, bWw in the hot w<»ather from AVest to East coining from 
the Punjab deserts and were not North and South. It was for 
that ivasoii that the engimH‘rs in that fdace, planned their build- 
ings with the long axis running North and South. In para the 
Author slated that of dry heat was much more desirable than 
H29 of moist heat.’’ 

In n^gard to para ti the FJiiginc'ers of Patna took advantage of 
the cool North sido for beil rooms eti*. and did not add verandahs 
on that side, making the building ninch cheaper: and in the case of 
Educational buildings they placed the long axis East and West 
without a verandah on the North side, gidting the advantage of the 
even light from that side, so essential, without the glare of the 
South light. 

In para 5 the Auflior seemed to think that orientation was the 
most important part of the lay out of buildings, which would 



DlSiHJSSION ON a)OLKR HOUSING. 


53 


render architeetiiral forms impossible, and only box-like structui*eB 
necessiiiy, this practice was not at all universal and would be 
hideous. Coming to the mathematical part, it was evident from 
what he called in pai*as T and 10 HSAIl, that any area parallel to 
the Horizontal was counted as not heated by a Horizon tal moving 
sun ; whereas when he came to what he named VSAll, he did not 
omit any areas parallel to the Vertical moving sun {a) the former 
exclmU^l the roof area, and the latter which should include only 
the roof area, inclinled the heating of the vertical sitlc^s. This was 
illogic'al ; as the premises are changed in each pai*t. of a niathemati- 
cal reasoning, for the same subject. As for example hiking para 
(KM liv & V) the vertical SAH would be 4 times as much in the 
former as in the latter case and if V2 houj-s was recorded as the 
maximum number for heat area in tin* former the VSAl! for iv 
would l»e for heat area in the latter the VSAll for v wouhl 
die and not Uo and 24a respectively. 


For IV, we got HSAH=30 a 
VS AH = 12 <1- 

and For V we got nSAIl=3()a 
VSAH= 3a2 


i 


lay walls face N. & S. 
lay walls face F. & W. 


and so (he orientation of the latter wonhl seem to lie better than 
the former and the best wbicli was not tlie conclnsion arrived a I 
by him in para 15 and 1(i. 


* In fact as the Sun was inwer at all liorizontal wlien the 
from it, was effective, but on the contrary was nearly vifrtica! Avlieii 
(4ie heat w'as etfective, it would apjiinir that orientation, if above 
considered, AA'ould be guided by the VSAU . . for the roof and not 
by the HSAH of the walls; and the HSAH in both cases of IV and 
V were the same as calculated by the author. 


From Para H» to If) tlie Author seemed to (Mimniit the error of 
(*cnibiiiing the lieatiiig part with the part for protection against 
the heat and his conclusions were incorrect. 


What he meant bv a flat roof <if height ^ was lui more than a 

o 

thickness of "hich in case of a building say a 33' or 72' long 

6 

36 

X IH ft. wide (a Barrack) would mpiiii' a roof = 6' thick, 

o 

whereas a coiTugated iron gable roof with a thin ceiling wouhl 
protect the interior from heat quite effectively or a flat roof with a 
thin ceiling. 


Mr. E. E.: 
Deiibruiilai' 
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VVliat (11(1 a roof, ilut, D' (hick for sitch ai liuildiiig resolve itself 
into when considererl from ai iiollow point or from ai workable 
economical point of view? 

The Author did not ^ive aiiiy result which would lead Engineers 
who studi(^(l his paiper, to come to ainy conclusion. It wais not tin? 
volume of roof to aibscarh the hi^ait from the sun that wais the most 
c(*onoini(*al, hut the spaudiig hetwcMMi roof and ceilings of ai column 
of air always in circiihitiou, as in the (*ais(* of Indlow walls recoin- 
iJiendcHl by th(» Author in paras 27 & 2S. 

The pairais. relaiting to shaidows in paras. 21 to 25 were very 
iiistructiv(^ aind wry useful and should he ai guide in d(^igti. 

In paira. 2<i the remairk that the roofs should he of Ashc*stos 
(ViiKUit among ofluu* iimteriails h‘d him to im^ntiam the greait pro- 
gress made in this niaitcudal which was known as “ Itailit.’' 

The Ash(*stos (^umuit wais suppli(Ml in Hat slmids for ceilings 
aind wailLs (l(*aiving an iiir space for cooling); in the* corrugat(*d 
forms and tlait tih-s for roofs the colours heing in (trey and Red. 
The coolimss of a House utilizing th(*s(* matiu’ials could well he 
jmagiiKMl. 

lie had arrangt'd to g(M ai two storiiMl hous(\ hot upstairs on 
aiccoiint of a V(‘ry low roof and no verandahs, covered with this 
material] using th(‘ (*'xis(ing juiccai roof as a ceiling. The autlKjr's 
suggestions Avould guide him. 

The note on Khusd\hus-tatti<*s in pairas. :>1 and 22 gav(» scienti 
tic iiUnis for their use, aind would he v(*ry UM»ful to all who usi^I 
timse aind tin* aipparatiis nmntioiKNl aind di^sigiuNl hy thi^ aiuthor in 
paras. 32 aind concluding paras if taikiui up commercially, would do 
away with the waste in the us(‘ of Khus Khus lattices in tludr 
irnewal and maintenance. In large institutions their heiietit would 
he untold. AVais the formnlai on paige 10, .Vrea of Doiiie 

= coiTiM-t? Should it not he ? The 

area of the siiH'ace of zone is 2nR\V. 

From the calculatioms in the Appi^ndix given hy the author it 
appeared (with regard to rimfs of ditferent typt^s) that the author 
had promised the following: — 

•‘Thai! with roofs of the-saine (‘overing areai aind same volume 
presented to a Vertical Sun, they were heated differently owing to 
their presimting different excwscents to the iieating vertical rays’' 
the reason being that the Vertical Sun had to trav(d a longer dis- 
tanpe over these than over a flat surface. 
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This was not triio for if the posUioii of the sun at any ur, R K. 
moment with refereiiee to triliuear recluuguhir eo ordlnates 
was consideml it would be seen that lirslly all three eo-ordinates 
of the intensity of any ray oblique to the roof were less than the 
original. Secondly that two only out iif could atleet the roof 

with any exenweiil above tbe <-overing urea, a Inn-izontal and a- 
vertical resolute. Thirdly the total intensity would he cnther of these 
multiplied by the projected area of the excrescent on planes iioriua] 

^o them, whieli was certainly lud what the ant Inn* assumed as 
premises for his calculations. 

II. If for comparison we followecl the author and allowed 
only a vertical ray j>erpcndicnlar to the covering area of the roof, 
then the value of the intensity would he, the vertical iiilmisifcy iniilti- 
plied by the ami of the lu»rizoiital covering area pi) would he same 
tor all roofs ; the time total intensity would de[»end, on the 
orientation of the hnlldiiig (or its roof) bHug small when the 
smaller axis-of tJie building was East and West and larger when 
the longer axis was East ami West. The results from this were 
iwitrary to the author’s pr<‘dietions as shown liefort*. 

III. Using triliuear cM>-ordiiiates (rectangular) for any posi 
tion of the sun, we should further see that of the thrive coordinates, 
only that one which was horizontal and jierpeiidicnlar to tlie sides 
(walls) of the building could be considered as able to heal them 
direetly by impinging on llieiii, the other two <Mi*ordinates (a verti 
cal and horizontal) lay in planes parallel to the walls and Jien<*e 
did not affect them the snrroiinding air woiihl l»c lieatiMl only; 
these rays would not inijiiiige <ni the wali^. Tliis liad been dealt 
with ill ]>revions paragraphs, as <liifereiit I’roiii the antiior, wlio ha«l 
taken into account vertical rays when ilealiiig willi the walls <»f a 
building. 

■» 

111 reply reinarkeil tliat he was whidly in agreeinent with Mr. rpj,,, 
Meaivs that the subject was worthy of expm*iineiit. Ife would not, 
however, use any plant at all for smaller houses, hnt would design 
them so that the heat of the Sun and a cerfaiii anuniut of inanipula- 
tiou would tlo all (hat was needed. For larger buildings, niechaiii< 
call}’, electrically, or otherwise, forced draughts might be needed 
to supplement the design and might prove ec^oiiomicul. Very Jargi^ 
buildings alone could justify the use and c^ist of refrigerating 
chauiliers and the like. 

To deal adequately with the siihjeet of’ “Cooler Housing” 
would require a- treatise, riot a paper. Exporimeuts could b<^ 
carried out anywhere w’here numljers of buildings of the same type 
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were being erected, whether bj Goveruineiit or by Trivate enter- 
prise. Only comparatively unimportant differences need lie made 
in the various structures for the purposes of experiment, but close 
watch would liave to kept over operation and close re<*ords of 
results. 

lie iiad dealt in his i>aper with certain princiiiles ; obviously 
locality affected one’s outlook and should be given due weight, 
ilumidity wouhl not gr<‘atly affect the prmcii)le8, but would cer- 
tainly affect the methods of design and the n-sults. It would be 
the duty and, one hoped, the pleasure, of every designer to consi- 
der every factor and allow for it. All the points mentioned in the 
c.riticisin did not have any effect on the course* of the Sun. 

Mr. Aiyar accuised him cd* having dealt with only one out of a 
whole host of elements, viz., the effect of Hunshiue. It was the sun- 
shine that caused the lieat, not only of the building itself but ot 
the whole land we live in. The problem he had trit*d to deal witli 
in part of his jiaper was how to place out buildings so that they 
would aibsorb the least amount of heat., which he had taiken to 
iiic^au how to plaice our buildings (each case should of course be 
treated individually) so that the leaist amount of surface would be 
exposed to tlie Sun’s direct rays. 

There was no aliffereiice from the imiiit of view of the pa pan* 
between Southern facing and Northern facing. See para, ti where 
“the orientation of dwelling houses so that the major axis runs 
Kast and Wi*st“ was referred to. Whether the North or the South 
was niaide the front of the lioiise the Sun shone on the South siile. 
Breezes could blow through such a house just as w’ell thiViugh the 
back iis through the front. The designer must give due weight to 
every factor and he must know his factors. 

Mr. Aiyar complained that he had not said how the theory 
agreed with practi<*.e. He would refer him to the last sentence in 
the flrst para, of his paper. About the remark concerning the com 
parison of flat and pent roofs he must compare (*omparable things. 
Obviously whei*e shapi^s were being considered the materials and 
other conditions must not be* dissimilar. 

What Mr. Aiyar said about khas tatties W’as right up to a point. 
But he did not want, and avoided, stagnant air in rooms, particu- 
larly in hot climates ; the air was kept moving if it was possible. One 
way might be by having •‘sufficient doors and windows up to the 
height of 8 feet.” Nobody would tit all these with khas tatties and 
if they did and could arrange a blow through them there would still 
be ^ inwardly descending slope of cooled air. The lowest layers 
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of rtir would U* coldost, aud with ehillwl find and waviu hoada The Authi 
would come, he believed colds aud rheumatism. Better a higher 
temperature of more uniformly cooUhI air with the cold air splash- 
ing into the room from a lieight like water into a cistern, setting 
up cui'rents and eddies which in themselves, by delinite im)vement 
would lielp carry away moisture fnun the skin. 

The “absence of sweat'* that Mr. Aiyar found as a desideratum 
was largely a matter of the moisture content of the air. Kven if 
such air could be kejd moving the nearer it was to saturation the 
less would it tiike uj) of moisture from tin* lM)dy however much it 
was agitated. The ceiling fan <lid not cool the air, it memly bh*^v 
it down to find its way up agiiin along the walls. 

He wiKild refer Dr. (diakko to his paragraph 24. Lawns tind 
trees judiciously placed and the former regularly watered havt* 
considerable cooling effect, hut trees coubl be overdone. The writer 
had had experience of places inaile warm by too mtiny trees w'hich 
were considerably im[)roved both in coolness and ap|>esirance by 
judi<'ious thinning out. 

ll<‘ would refer Kao Bahadur (\ V. Krisbnaswami ('yhetty, to 
his reply to Mr. M<‘ares’s rtmiarks. Poorer p(‘ople have not yi*f got 
to Puiikbas and electric fans and he would improve tlie conditiotts 
of life for such p(H»ple also, by ilie proper <jesign of their houses 
and their surroundings. Mr. K. K. DesbrusJais had done iiiin the 
hojiour of studying his psi)»er in gi*eiit detail and commenting on it 
jit length. He was not sure, liowtwer, that he had not given the 
iiiiithemath'al side of it rather exaggerated importuiM^e. It woiibl 
li*- appeur also that he had his facts wrong with regard to Patna, 

He had nowdiere suggested That orientation was the most, im 
portaut part of the layout of buildings. He ha^l merely attempted 
to show that it was a factor w hich ‘was at least w'orth considera- 
tion. Nor did his arguments rimder arciiitectupal forms iui- 
possible. There was no reason why a structure, sluuild be boxlike 
merely because its major axis sliouhl j)referably lie one way rather 
than another. Where Mr. Desbruslais sjiid he was illogic> 4 tl he had 
not his facts rigid. The (comparisons made in paras. 7 aud 10 d(;alt 
with w’allH only. Would not a Hun rising in the east and setting 
in the w’est and moving in the vertical plane hetw^c*en these jioints 
shine for half tlie day on the east w'ull aud the mnaiiiing half on 
the west w\all? In para 14 an (tffort was made to combine hori 
zontal and vertical figures, the nmf being iguored in mry case 
because the roofs were all equal and the Hun shone on these roofs 
the same amount in each case, vis., all day long. It might be 

B S 
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Author, uoticed alHo t.linl tlie inuliifdier of VHAU was 51 whereas of H8AH 
il was only J. 

He was afraid Lis critic hail iniKiinderKtood paras. 10 to 19. 
Kiiofs to Im‘ coin parable iiuist be eoiiKidered t»i be of the Kciiue 
inaterials, not of various materials. For fair eoniparisoii all the 
roofs iiiust have the same volume. I*eii1, )»yramidal, (‘onieal and 
doomed roofs stood on definite bases and Inwl definite volumes above 
these bases iiHdiidiii^;: the volumes of the materials of which they 
were made. Flat roofs made of the same materials would liave 
considerably less volume. To give them equal volume they must 
be given a pa rallelopi pedal form. Thus the horizontal surface of 
the flat roof of tlie <‘omparison was raised a/b above the walls aiiid 
vertical pieces of “roofing” extend downward to the tops of the 
walls. Tln-re was no suggestion of making a Hat roof ii feet thick. 
Thickness was not referr<‘d at all. 

The v'ohuue of a dome as given by Mr. Desbruslais was correct^ 
not as printed on page Hi <if the paper. 

Tn his comparisons not only the vertical rays of the Sun wei:e 
<*ousidered but the whole period of the day in which the walls or 
roofs were shone ui»on. Kee para. 12. The angle of total absorp- 
tioii was assumed at 0^ not at Different materials had 

different angles of tcdal absorption, soim^ reference to which was 
made in para. 25. 



NOTES ON 

THE DESIGN OF SEWAGE DISPOSAL 

WORK 

BY 

F. C. TEMPLE, Member. 


A student ut' books and [lapers on sewage dis{K>sal works must 
l>e imiiressed by llie amazing varitd^’, not only in the nudlKMls of 
• sewage? disposal but also in llie met hods of thougiit wiih which 
rft?wage disposal problems are approached or discussed, and 
fiy the absence of iiiiy generally accepted crilerion on which 
the design * of sewage <lisposal works is based. Descrip- 
tions of different sewage dispersal works differ so entirely in fhe 
information given that they might very well be tlnMight be 
dealing with i‘iitirely <lifferent subjects, and ciiriiHisly enough the 
analyses of the sewage* to be dealt with vary so niii<‘li that at first 
sight the problem of its disposal appears to be ditferenf in 

«*ssentiais : and yet the problem of sewage disposal is siibslaiitially 
the same all the world over. 

• The problem is the oxi<lisiition and nitrification of the 

jmtrefactive constituents of animal excreta, to harnitess non putre- 
factive compounds without giving rise to any niiisanct^ in the 

process. Modern social condilions are such that for )U'aetieai 

purposes it is the oxidisation and nitrification of human excreta. 

Within ccTtain fairly well defined limits, the average quantity 
and quality f^f excreta prodiH*ed per head is the same everywhere*. 
^The scope of each particular sewage disposal problem should there- 
fore be exiiressed in terms of the number of pers<ins served, and fhe 
first thing to be ascertained in dealing with any s<*wage disposal 
problem is the number of persons wluise ex<*reta is to be i*endered 
non- 1 lut refact ive or in other w'ords the number of persons to be 
seiwed. 

But the number of pemms served is by no means always stated 
In a description of sewage disposal works. It is very (Common to 
find the remark that the sewage under consideration is strong or 
average or weak. In a list corafdled from a large number of 
publications containing 81 descriptions of sewage works or classi- 
fications of sewage, oiily-55 give the number of persons served, only 
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giv€^ any deliuite indication of the claas of aewage by atating the 
strength of the aewage in gallons per head, and 18 more by giving 
an analysis of the crude sewagi- and the population or the total 
<|iiaiitity per day. 

A perusal of this list will show how varied is the inforiiiation 
given in different descriptions of sewage works. Hardly any two 
items are alike and scarcely any give all the information that is 
desirable, and the difficulty of comparing one installation with 
another is immense in (Consequence. 

The data incest coininonly given are : — for broad irrigation, or 
treatiiuuit of crude sewage diifict on land, thousand gsillons j>er 
acre per day ; for detritus tanks, sedimentation, sei>tic and 
activated sludge tanks, either period of rest, or gallons capacity 
per day : for contn<*t lieds, ])eriod of contact : for trickling lilters, 
gallons per square fool of area, or less commonly gallons per cubic 
had of filtering mateiial : and for storm tanks, so many hours 
flow', or so many tiiiies the averaige diy w'eather tlow. Amilys(*s are 
iiKinilly given in parts per 100,00(1. riiless the strength of the 
enide sew'age is kiiow'ii, it is impossible to compare the eflicieiicy 
of two systems, for if two similar systems are working equally 
«*fllciently on sewages of different strength, the analyses of tlie 
final eillnc'iit will vary according to the degree of dilution of the 
crude sew'age. 

The use of sew'aige data in this form iin[>Ues the fiiiidaiiieiital 
ernn- of r(‘garding the water mixed wdtli tlie sewage sis the sewage 
itself whereas if is the vehicle in wdiieli the sew'sige is conveyesl. 
The quantity of w'sifer mixed with the ss-wsige, or more briefly the 
extent of dilution of the sew'age makes si profound difference in 
the details of the seivage disposal apparatus, but the underlying 
principle is the same, namely, that for every person served a certain 
amount of putrefactive matter is to be oxidised and nitrified. 

Tin* esseiitisil function of any sewage disposal system is the 
mluetioii of unstable putrefaetive organic (compounds to stabh* 
n(m- putrefactive compounds. In all systems exc(*pt treiudniig, 
imdiieration sind broad irrigation this is done partly by inochaiiicsil 
and partly by l»iologieal means. The mechanical part of the 
op('ration consists in separating the solids from the liquids, and 
the biologu'al in oxidising and nitrifying the unstable compounds 
in the liquids. In almost every form of disposal works, the 
mechanical separation is not completed in one operation, but is 
caiTied on in a series of opet'ations. 

The first of tliest* operations is the extraction of large, floating 
solids other than faeces, such as sticks and vegetable matter, by 
means of screens, and of mineral grit, chiefly road material, by 
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settlemeut. Vei*y few iuBtallatioiiM except ludian Septic tank 
latriiies omit aereeiia and detritus tanks or grit csittdiers. 

The second operation is the separation of the solids and liquids 
the sewage proper. The apparatus for performing this operation 
is extremely varied in form. The simplest form is Ihe sedimenta- 
tion tank which either keeps the sewage at wst for a certain 
period, or reduces its velocity to such a i)oint that the. solids settle 
as sludge. This process is sometimes assisted by chemical 
precipitants. It aims at extracting the maximuiii quantity of 
solids which being in u highly putrefactive condition have to bi‘ 
iiarged out to sea or buried. Any possible iminiirial value in the 
sewage is lost by tliis method. The next form is the sceptic taiiK, 
or liquefying tank, tlie details of which are extremely varied, from 
the simple Cameron or tMeun*%«ha pattern, to the Travis Hydrolytic 
tank, or the Dibdin Slate lleds, which i»reseiit large surfaces to 
Attract ihiatiiig matter. These t4iiiks ]>rodnce much less sludge 
than mere sedimentation tanks; but the sludge is iiiore or less 
offensive and of little manurinl value, aiinl tiuu'efore not eaisy of 
disi>osal, unless further treated. The licpiiil elllneiit, freed as far 
afs possible of the suspended solids with their organic*, contents, 
must be subjecte<l to a further ti*eatmeut to oxidise Ihe organic 
matters in solution into harmless coinis>i]nds which will not 
putrefy, or if discharged into a stream take up oxygen in more 
than a. certain proportion from that streaiii. Tliis treatment may 
be directly on land which is irrigated and slightly fertilized by the 
efUiient, or on bacterial filtiu's, the eflliient from which can also be 
used with some advantage for irrigation. Kectmt design shows a 
lendeiicy^to sub-divide the separation | rocesses, as in damesonV 
system at Pretoria where the liquid is taken from Ihe tirst tanks 
straight to Alters, and the sludge is taken out daily to other 
digestion tanks where a further separation takes plaee, the liquor 
and solids being finally disposed of.on land, the liquor hy irrigation 
and the solids as manure. Hen* the nianurial value is appreciable. 

One process differs from ail these, iiaiiiely, the bioaeratjoii 
process, in that it combines the, separation of the solids with the 
oxidisation <»f the liquids in the same operation. The forms taken 
hy the process are aht*ady varied, and new varieties are still 
appearing. The essential featuiT of the process is tlisit if sewagi* 
is agitated in contact with air, and the sludge settled out and 
mixed with fresh sewage, and that mixtiiiNf is again agitated in 
contact with air, an action is set up which not only settles out the 
sludge very rapidly as a flocculent preidpitate but also oxidises 
and nitrifies the effluent. Both effluent and sludge from this 
process ha.ve very active fertilising properties. 
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Th« inetliod to be employed for the diMpoHal of any i>articular 
sewage must he s<dert.ed to suit Hie ebaracter of tlie sewage and 
local ronditious. Many faetors must be considered. The first is 
the ijuaiiHty of tlie true sewage. This depends directly on the 
number of persons in the legality, ^iext comes the method of 
collection and removal of the sewage from the residences to the 
disposal site, whi<*h may be by hand and <‘art or by water in 
sewcM's; and then the liiial destination of the products of the dis- 
posal system whi<*li will be absor|»tioii in lami or wattu*. 

The simph‘Ht form of all sewage disjiosal thougii the most 
primitive, is c*ntirely satisfactory. Jt is the burying of each 
individnars excn*ta in the ground in a dilTereiit place each day 
whenj the bacteria resident In the upper layers of the soil will 
deeonipose and o.vidise and nitrify it. This imdhod is entirely 
satisfaetory as long as the quantity of sf‘wage buried in any one 
place d<M*s not ex<*eed the purifying cajiacity of the soil immediately 
snrroiiiiding it. It requires a siiiali amount of water in the soil. 
Sewage buried in ]iun* sand is smmdimes robbed* of its own 
iiioistiire to such an extent that tlie oxidising and nitrifying 
organisms appear to he iinahle to deal with it. Jt is then reduced 
to a very otieiisive mass wliudi may last almost uiiehaiiged for very 
long ]u*riods. 

This method is only possible in a scattered eoiiimiinity ami 
among primitive piMiple (who usually spoil it hy omitting the 
burying part <if the processi. < Civilisation, with its rec|uirenieiilK 
of ]irivaey and decency, iiiaktss the i*nc1o.s(M] privy a ne<*<*Ksity. TJie 
]u*ivy its<dl may Ik* a inovahh* strnrtnre phu'ed over a nf*w lude in 
the ground each day or its contents may Ik* rniioveil daily. (In 
some |da(*es the hole is madi* large and Hu* removal only made at 
long iiifervalsb As emdi privy is eertaiii to he made to serve more 
than one person, the <|uauHty of sewage col leaded together bcK'omes 
sutticieiitly large to n*^piirc care as to how and where it is buried. 
As the coiiimiiiiity groM's and the 4|i]antity of s(*wag«* increases, it 
beconu*s^ iiecessqry to oi'ganise a coiiservaiiey system, by wldeli the 
sewage is hiiried in a pniperly managed treiwhing ground 

An alternative rmdhod of disposing of sewage removed by haiul 
troiii privies is by iiicim*rat iim. This Is ex[>eusive except where 
fuel is very eheap : it is not very easy to handh*^ so as to avoid 
aerial nuisance : and is scarcely practicable on a very large scale. 

All these methods deul with the sewage in its crude, undiluted 
and (a point vv’orth noting) unadulterated state. They are tlie 
Jiiothods ap|)llcablc to towns in which fas in most towns in India) 
there is no piped water supply, and gmierallv no very largi? 
quantity of water available. ’ . » 
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After this brief review of the iiiethodH of dealing with uiidilutt^d 
sewage, the remainder of this paper will diseuss the probleius of 
dealing with sewage diluted wilJi greater or less quantities oX water 
and tile term sewagi^ will be usi'^ for the sewage so dllutetl. 

w 

lletwecMi the hand rt^nunal met hods ileseribed abovt; and 
complete watiu* borne sewerage leading from house to outfall there 
reiiiuins the intermediate stage of luiml n^nioval to water Hushed 
dumping pits, eonueeted either into sewws or into se[dic tanks. 
This method is very eoiiimon in tlu‘- few towns in India which have 
yet installed aii^" form of sewerage systi'in. The main reason for 
not coiiiieetiiig !ndivi<lnal houses is want i>f money. Most Munie.i- 
puLities in India are very poor and when tlie prejudi<*e, which still 
unfortunatidy is vi^ry stnnig, against underground sewers is 
overec»nie, it is rare that anything more <*an l)e done for the money 
than provide a skeleton system ui sc*wei*s^ starving watw lliisln^d 
public latrines ami dumping pits. And ev(*n in those stretds wliere 
st'wers exist- lew honselioldiu's will spend tlu‘ moneys necessary to 
eoniieet, AViiere dumping is done, tin* diinii>ing pits are usually 
eoiiiUHded to th<‘ sewi‘rs. In S4>me of the vc*ry Hat towns in the 
]j1atns, for reasons of eeoiiomy, the sewers are laid at such Hat 
gradients that they will only <*arry tank eflluent and not erudi* 
sewage. In these systems the dumi>jiig jiils 4*.oiiiieet ilireei jnl<i 
siqdie tanks. And hy means of tliem, in the l.(>wii of (Ja.Mi, an 
Mjiport unity occiirred to as<*ertaiii the niiiiimiim dilution of sewag<» 
iK'eessnry for its tmitmeiit in septic tanks. 

When the tjaya sepli<' tanks were Hrst startled uj», the dilution 
ill some of them was only one gallon [>ei’ in*ad. Thesi*- tanks heeaiiie 
choked with a Hoating semi solid mass ui almost iinchaiiged faeces 
and the ellluent was an (‘xtrenjely olb*jisive, highly jmtrefaetive 
liquid. At three gallons dilution more action hegaif to take place; 
hut it w^as not until Ti gallons was reached that the Hoating niass 
of uiidigestwl faeces <diange<l to the eharaeteristie liealthy scum of 
, a good septic tank and the ellfiient tieeanie such as could be passed 
<m without apiircTiuble nuisance. 

Precisely the same exjierieiiee was obtained from a sepfii*. tank 
latrine at Patna. 

When more water is available any dilution from 5 gsillons up 
to 40 gallons per user makes a sewage for whicli several simple 
forms of septic tank work almost equally well. 

When the dilution increases above about 40 gallons per head, 
the solids become so much broken up and so finely divided that it 
is difficult to bring them sufficiently to rest for the necessary action 
to take place without over septicisatiou occurring. 
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At the Kiiuie time, sjieakitig generally, the weaker or more 
dilute tlie w^wage, the easiei- it ia to puHfy. If it is sufficiently’ 
dilute the oxygen and other natural purifying agencies in the air 
and Avater will purify it without any further treatment, and we 
arrive at disposal by dilution. Thus the two ends of the scale 
offer the two sim]>lest forms of disposal. At one end the neat 
sewage undiliitt^d with any water is put in relatively small 
cjuantities in tin? earth. At ilie other the sew'age is mixed with a 
volume of water relatively so vast that nothing further is required. 

Except ill a sy’stein operated only by hand removal and 
dumping clirect into septic tanks supplied wdth clean water, im 
sewage will ever be unadultei'ated. In all water borne sew'erage 
systems, some foreign matti^r, sucii as road grit and other mineral 
siibstann^s, and kitchen iM^fuse, slops, and other c»rganic matter, 
ami in many places Irade w'astes will lind their W'ay into the sewers 
and HO to tla» disposal w’orks. Even in an Indian Septic tank 
latriiu*, some road grit, brought to the seats by the feet of the 
users, will eoiiie in, and in a completely ‘‘separate’^ European 
system, there will be paper, and in both some rags. 

All Indian S<‘ptic tank latrine is so nearly grit free that the 
grit w^bieh enters is insuflieieiil to cause trouble. An ordinary 
•*He[»arale” system of sewers will absorb c*nough grit through slop 
sinks and yard gullies, even tlioiigli those are designed to ex^iiide 
rain w'^ater, to make* its removal desirable. A partially separate 
system wiiicli is ]irobably the best form of sew’erage for most Indian 
towriis has enough grit to make its removal very desirable and a 
combined system will contain so much as to render its removal 
essential, if the disposal works proper are to aet satisfactorily. 

Ill addition to grit w’hich will settle, the sew’age will contain bits 
of wood, rags ami the like, most of wiiich will tloal, wiiich w'oubi 
also interfere with tlie action of any tank. These are best eauglit 
on screens and removiMl by means of rakes of some kind. These 
arrangeiiieiits are often offensive, especially when the sew’agt* is 
almidy old and septic. The fresher the sew’^age when it is screeiieil, 
thti smaller the trouble in dealing wdth the screenings. (This 
remark applies to all operations in handling scw’age. It is w'orth 
a great deal to be able to deal with sewage before any part of it 
can become septic. In the Tropics the sew^age should, if in any 
w'ay possible, not be more than twelve hours old. In temperate 
cUiiiates the time limit is probably longer). The screens should stop 
only such matters as will interfere with the .working of the tank. 
Two simple bar screens, the first with one inch openings, and the 
second with half inch openings, will usually do all that is required. 
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To extract tlw* grit, detritus tanks or grit oatcbers are 
provided. Tliese should not be confusc^d with the tii*st coiiipartnient 
of a Cleinesba Pattern Si*|di€5 Tank, which is often c‘nlh*d tlie Grit 
Chamber. It obtaineil the iiainie because (In^ bailies which eiu'lose 
it were first placa^l with a view t€> catching grit. 

Detritus tanks or grit <*atchers an* discussiMl iinist frc*qm*nll.v 
in terms of i>eriod of rest or in ]>arts of tlie dry weal t her Jlow. 
Kershaw givcw 1/1 tIO to l/l!00 of the D. W. P. A very few writers 
are beginning to discuss velo<*ities through them. As their H<de 
juirpose is or should be to ex I met luiiieral grit, cross sectiiuial 
velocity of the sewaige is the most important <‘onsidera1 ii>n. Tlie 
velo<*ity of tlie flow must 1 m- reduced sunici<‘iitly low to bring d<iwii 
aill the grit that is likely to interfere with the working of the tank, 
and the time taken to ]>ass through the grit cat(*lier must be 
•suflicieiit for the grit to drop. It must not however be long enough 
for septic, tank action to proceed far, (this cannot be av.iided 
entirely, for JndetMl it always begins in the sewers) or for more 
than the inevitable small quantity of putrefactive sludge to settle. 

• It is most important that there slnnild b(^ no ]K>t*kets or corners 
in whi<*h small quantities of sludge may n*st long raioiigh to iM^coiiie 
septic. If that occurs, septic action is set u|» rapidly in the sewagi*, 
which disturbs the action of the disposal works, and sooiuu* oi Lifer 
causes aerial nuisance. 

A most interesting grit catcher is that iwolved by 
F. *AV. Jameson at Prel<iria. It. is nothing but a huigtii of the 
sewer widened out with a fiat bottom 0 ft. wide with nearly li cu. 
secs, of se^\'age flowing through it, P deep wliich means a velocity 
of about 1 ft. pel* se<*. for a distance; of 27 ft. 0 in. Presumably a 
velocity of !)" to lo" per second will be about right. It is sad that 
none oi^us who have so often seen defective siirfact; drains in India 
catching grit in this very way, should have thought <if it. Tliere 
^are now gi*it catchers of this pattern working well in India. 

A common form of grit catcher is a hopper shaped chamber 
with the sewage entering at the centre and discharging over a 
circular peripheral weir. It is probably better to bring the sewage 
in on a tangemt at the idrciimfercuice and decant the liquid at the 
centre through a bell mouth and bent pipe. The spiral movement 
given by the tangential enti*y allows littU- chance of stagnation of 
tlu^ liquid and the consequent sceptic action. A sc*rccii can be tixe<1 
round the bell mouth, so that grit catcher and screening chamber 
can be combined in one. Siu-h a conical grit .cat<dier can reduce 
c;ro88 sectional velocity to h*ss than 0.1' per sec, and yet leave the 
sewage with only 30 minutes rest in the hopper. Either form^of 
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grit calrlitr iiiuy Im ttoiisitlurcd as only an enlargemeint of the sewer, 
and unliftcly to set up any bcrious septic tank action. The conical 
grit catcher is cleaned by means of a sludge pipe similar to that in 
an linhoff lank rising from file lowest point of the hopper. 

Gril catchers should always be provided in duplicate, so that 
Ihey can Is* clciiiied regularly without intei-feriiig with the routine 
of the workK. 

After the sewage hiiH been freed from floating foreign matter 
by th (5 sereeiiK, and from mineral grit by the grit catehera, it 
iiiidergoeK l.reatinent in Koine form of tank. 

In spite of the faet that about 1800 the “Mouras Automatie 
S<*avaiiger,” ]>robably <he lirst true septie tank, was inaugurated 
ill Kranee and proveil steadily satisfactory up to a certain point, 
and at tlie same time experiments on upward filtration in place of 
(dieinical precipitation in Kurope and America gave promising 
results, yet sedimentation tanks usually with chemical precipita- 
tion were very largely adopted. 

S^Hliiueiitation tanks pure and simple api)ear to have no true 
merits whatever. They aim at bringing down as much solid matter 
us possible, so fliat by some iimchaiiical means it may lx* thrown 
away wlu^re it will (*aiise no nuisance. No attempt is made to 
liquify or purify any part, or to conserve the nitrogen in the 
sewagi*. As far us published records indicate there are none in use 
ill India, and it is to be hoped that there never will be. The only 
excuse for such a method is to l>e found in very large towns such as 
London and (llasgow where the ww'age problem is so colossal, and 
the quantity of sludge so cmoriiious, that until some system of 
making the sludge into a marketable commodity, or of reducing its 
bulk to such an extent that the saving in cost of removal will pay 
for the reconstruction of the plant, a method which actual!^ works 
must continue to be* employed. 

The Mourns Autoinntic* Scavanger appears to have failed to 
gain popular favour b(^*ause a uon*putrefactive efflueut was not 
obtained from it. 

Seeing that it was really only a form of septic tank, W’e know 
now in the light of experience gained since then that it could not be 
expected to yield a non -putrefactive effluent; but tliat its effluent 
would have to iimlergo an oxidising process in some form of filter or 
contact bed before it (*ould become non-putrefaetive. 

A gi*eat deal of w'ork was done during the next 30 years on 
fllfers of various designs. The difflculiy^ of keeping filters clear, 
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and from becoming choked ^^lth solids led to experiments with 
various designs of settling tanks. In 18!)5 Cameron imuiguratc?^] 
his septic tank at Exeter. Pollow'ing on ihat came a wonderful 
variety of tanks, septic tanks, scuttling tanks, liydrolytic tanks and 
others, all designed to prej)are screened and grit fret* sewage ft>r 
final filtration of the effluent and tlisposal of the slinlge. As they 
are all engaged on the same task with apprt>ximsitt*ly etpial ivsiilts, 
there must be some general principles governing their action, 
which should regulate their design. 

In searching for these general principles it is iu*ct*Hsary to 
recognise that the action of any tank for sewage disposal is ami 
must be partly mechanical and partly bit>logicaI. Soiin* people 
attend chiefly to the mechanical action of sediment at ion and others 
to the biological actions which produce cln*inical changes. lUit in> 
sedimentation tank can avoid all biological action, and every 
biological tank is sure to promote some sedimentation. 

j 

After the sewage has been freed from ibuiting refuse by 
screens and from most of the miniual grit by the grit catchers, it. 
may be considered to consist broadly uf (1) floating solids, 
(2) settling solids, (3) liquid iiioi*<* or less free from solids. The 
i-emoval of the solids and the delivery of the liquid as free from 
solids as possible is the essential function ot every tank. 

If the action w'ere purely mechanical smiie form of liecanting 
apparatus which would draw off the liquid most free from solids 
would be all that is required. Kiit chemical and biological changes 
in the floating and settling solids make [»art of the I'ornicu* setth^ 
and part of the latter float and by the formation of gases are liable 
to keep much solid matter in movement throughout the tank, so 
that at no point is the liquid very free from solids, 

Ajirperfectly plain rectangular or cylindrical tank sonic; 7' dcM*]i 
in which outlet and inlet wc^re sitmilc^d some 3 ft. from the? surfac*c; 
, w'ould retain much of the solids, though not cuiongU to make iiiuil 
treatment of the effluent easy. 

Cameron’s Exeter tank w^as not very miieli more than this, 
except that it began with a ‘‘grit chamber” 1(1 ft. dcMqi by 7 ft. 
long by 18 ft. wide through which the sewage [lassed over n wall 
submerged 1 ft., into the main tank 18 ft. wide 7 ft. 6 in. deep and 
56 ft. 10 in. long. 

Glemesha in “Sewage Disposal in the Tro]dcs” descrrilies lits 
experiments on septic tanks. Ilis tank is very like*, Cameron’s, 
and contains a “grit 'chamber” bounded by a 'submerged wall. To 
catch undigested faeces, jute and other floating substances, he 
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jinrodncod a liaiigiiig partition, previous to the submerged wall. 
rea(-liing d<iwii from the surface to within 18" from the floor. His 
experiments, conlirmed by subsequent practice, show that a very 
gn‘at change lakes place in this compartment of the tank: that 
the hanging jairtition is of far greater importance than the sub- 
merged wall : ami that its content should be about one-eighth of 
the content of the whole tank. In this chamber the floating solids 
are necessarily retsiiiied until they are so changed as to sink. 
Scmie part f>f them sinks tiiially and remains at the bottom; for 
sludge has to be removed from this <-hamber from time to time. 
No doubf there is a goo<i deal of movement in the sludge owing to 
the development of gases. The forward im>veinent of the sewage 
carries ofi some of the solids, principally t)H)se i>articles that have 
a t(‘mlencY to come down slowly or scarcely to settle at all. If the 
si/A* td* the whole tank is correct for the work it has t«) dc), and the 
lirst c.ompartiiient. bounded by the hanging batlle is one-eighth (f 
the whole, the accaiiniilat ion of floating solids will be found to 
increase until it is some 2 ft. thick, and then veniain about 
constant tlie cheinii^al ami biological ciianges removing as much 
solid as is liroiight in. 

I'ln* total size of the tank is of supreme importance. 

As far as information is available, the only published account 
of exp<*riments detiiiit<dy directcMl to determining the best size of 
septic tank is that given by (^lemesha in “Sewage Disposal in the 
Tropics.’’ 

The* conclusion arrived at in those experiments Is tliat a period 
of 72 hours (or II days) rest in the septic tank gives the best results 
tui a o gallon sewage. 

It is to be noted that Gleiiieslia discaisses the size of I lie septic 
tank in terms of period of rest. Hut he makes the all important 
i|nali1ication that tliis pi^riod of rest is for ji .*>-ga1h>n sewage (that 
is a sewage dilutiMl with o gallons of water per user per day). In 
other worils the tank capacity is 15 gallons or 2.*l cu. ft. tier user. 

In 11115 when asked to advise on the size of Alters for the Patna 
G(*neral Hospital Sewerage Systseiu, he said that for each user there 
was a ci*rtain quantity of ]iutrefaetive matter to be oxidised and 
nitrifled and that this required a certain quantity of filtering 
material iiT(*spective of the dilution. 

This argument used by Cleiiiesha, that the necessary size of 
filters 4lepended on the nqmlM'T of users appeare<l to be logically 
ap]>licab1e to the sejific tank also. Though unfortunately there 
lias been no opportiiruty to study the qimstion-by precise laboratory 
evperiinents, tlic practical working of a luimber of installations 
designed and operated on those lines has proved this to be true. 
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A most practical example of the correctness of this reasoning is io 
he found in a septic tank of four compartments serving some 8,000 
persons. This tank was giving bad etUuents and causing much 
nuisance and was believed to be overloaded. Proposals were 
actually made for enlarging it. 

The cliaracteristic signs of over-sept icisat ion were however 
recognised and as its <*apacity was about 4 cu. ft. per user, a 
recominendation was made to reduce its capacity by half. TVo 
coin]>artments were thrown out of use, and the lank subsequently 
worked very fairly well for sevenil years. 

Tluf practice of discussing the si%e of tanks in teriiis of the 
period of rest is nothing but a bad habit which should be given up. 
if clearly arose in the earl^' <lays of Caiiieroirs Septic tank at 
Exeter before it had become the practic<‘ to distinguish clearly 
between sewages of different strenglh. The period originally 
sIdoptfM namely hours was necessarily purely arbitrary. For 
many sewages it was too long, and the se[»tii* tank fc*ll inio disc*redit 
ill consequence. About lbH a paper in ihe siqqdenienf. to the 
Journal of the lloyal Sanitary Institute said that se|>(ic tanks were 
eblirely discredited and useless. At the same time Lane llrown 
ami Hewlett in Lucknow were stating that siqitii* tanks witli a 
maximum period of rest of 8 hours were satisfactory. 

G. 11. Kershaw in “Sewage Purilicatioii and Disposal’" writes 
as fol]o>\s: — “The capacity of septic tanks will vary somewhat, 
according to the nature of the sewage to b(» tanked. It was forinmdy 
the custom to make the tank capacity (*qual to a 21 hi>iirs ilow of 
sewagi* : and in India it appears that a three days’ ilow has on 
occasion been found advantageous.’^ 

“ In this country (England), from 12 hours to 21 Innirs is a 
very usual capacity but much depends ii|)on tin* ilistance the 
sewage has travelled lad’ore entering the tanks.” 

The fact that from 12 Jiours to 21 lioiirs rest lias been found 
• suitable in England is due to the fact that the sA'cu'age Englisli 
sevi^age is approximately of the same average dilution, and llM»refore 
requires the same average tank ca|mcity. A latitude of 100 per cent 
liow'ever in the size laid down indicates a lack f>f precise tliouglit on 
the suliject. 

Metcalf and Eddy in their three volume work on “ America ii 
Sewage Practice ” arc scarcely more explicit. They give didailed 
analyses both particular aud average of various sewages, and it is 
true that they state the dilution of each sewage. Put they say of 
the analyses that ‘‘their ehief value is illustrative and as guides in 
making estimates of the probalde quality of sewage from a eoiii- 
inunity of known size and character.” They give little in the way 
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of definite m;omnieudatioiiK as to the aize of the tanks. For sedi- 
mentation tanks they say the l>est period may vary from 30 minutes 
to 4 or 0 hours : ia septic tanks the detention period is in general 
from K to 24 Inairs : for iinhoff tanks (which they classify as distinct 
from septic tanks) “Mie practical detention pe^riod apprars generally 
to he not over 4 hours.’' Seeing that they are dealing principally 
with Um!; much ililuted American sew'ages, this last conclusion 
agrees with the rc^asoiiiiig above. A To^gallon sewage will have a 
4 hours detention period in a tank having a capacity of 2 c.ft. iier 
user. 

The distane.e that tin* sewage has travelled before entering the 
tanks has a very important hearing on the design of the tanks. 
(Memeslia’s figun* of lo gallons or 2.4 c.ft. tank capacity per user 
is for a septic tank latrine where the sewage enters the latrine 
aliKolutely fresh. Wliere the sewage has travelled through sewers 
ratlier It^s ca]>axnty is jireferahle. Good results are usually obtained 
with 2 c.ft. per user witli sewage not morc‘ than 12 hours old. 
Sc‘wag<* such as tliat which reaches the Lovegrove pumping station 
at lloinbay is alrea<ly so old and septic whm it arrives that it would 
be ditficuit to design any septic tank wiiiidi would treat It satis- 
factorily. 

It has already been stated that the miiiinmm dilution for 
biological treatment is 5 gallons i»er umm*. From 5 to 10 gallons 
ililutioii gives a [iracticable sewage, which however requires 
constant, watching, for the jireseiice of grit or other foreign matter, 
if any happens tfi ]iass tlie grit catcliws and screens, may easily 
disturb the working of the tank. 

From 10 to 35 gallons dilution gives a sewage that is very 
easily treat eil in alinost any form of septic tank. The experiments 
in Patna on five different pattwns of tank all treating a sewage 
within these iiiiiits showt^d that for Indian conditions the very 
simple Olemesha pattern tank is at least as satisfactory as any 
other. 

When the dilution rises al^ve 40 gallons per user, the rate of 
Mow through a ("’lemesha pattern tank tlesigimd for 2 cii. ft. capacity 
IHU* us<*r becomes so gi*eat that the solid matter is broken into small 
particles and carried through in siisi>ension before sufficient time 
has elapsed for the neeessa.ry changes to occur. When the sewage 
is so dilute, it is clearly necessai’y to use* a- different form of tank. 
Merely increasing the size of the tank over and above the correct 
figure for the niimlH^r of users will predm^e ovei*-septicisation with 
hU its attendant trfnibles. The solution is’ very probably to be 
found ]u the use of separate tanks in series on the lines indicated 
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by F. W. Jameson in his recent paper on “ Evolution in fcJewagi^ 
Disposal — with special regaitl to South African experience in 
sludge treatment, jiarticularly at Pretoria-.’^ 

An examination of what occurs in a Clemesha tank supports 
this view. For Indian sewage not more than 12 hours old between 
r> and 40 guilons dilution a Oleiiieslni tank designed as follow's can 
be relied on to give gooil results. The total tjapacity up to top 
w'ater level must be 2 vu. ft. per*ust*r. The averages depth to toj> 
w'ater level must be 6 ft. (average depth is stated as it is convenient 
to slope the bottom 1 in 30 to the sludge out valve). Excc^.pt in 
very small tanks the length should be eight times the breadth. 
There should always be a hanging balTle one-cdghtli of the length of 
the tank from the inlet, extending to within IS ins. of the tloor. The 
inlet must be. in a downward and a backward rather than for\var<i 
direction delivering 2 ft. 0 in. ladow T. W. L. In a big Link it is con- 
ireiiieiit to place a standing bailie 4 ft. high about 3 ft., beyond the 
hanging balfle. If this is done there should be tw'O sludge out valves 
one on eithdr side of this standing baflie, and the tloor must slope 
down to the sludge valves I in 30 in the long tank and steeper in 
ttm small tank or so-called gi*it chamber.’’ In recent installutJoiis 
the standing bailie is raise<i to form a weir separating the tw'o parts 
of the tank. Except in very small installations, for whH*.h a 
ditfei*eut design is iitHressary, the requisite Link capacity for the 
nuinbcfr of users should la> made up in separate parallel units. The 
minimum practicable size of this type of tank is that, to serve 95 to 
100 persons and is 2 ft. w'ide 10 ft. long and 0 ft. dc-ep. Priictical con- 
siderations render a single tank necessary until about double tbis 
capacity is required. IIM) to 200 persons jiiay be served by one tank 
2' — 10'’x22' — 0^x0' or better by two parallel tanks of the iniuimuni 
size. The muxiiiiiim practicable size of individual tank is that to 
serve about 1,(K)0 iwrsons being 72'x9'xG'. Larger tanks can be 
made and w'orked ; but when greater capacity is required more 
efBcient w'orking will be obtained from a larger number of smaller 
parallel units. 

When the fresh sewage enters, the floating solids which ai*e 
mostly faec*es rise ti> the surfactc^ alid are regained by the hanging 
bailie. As the changes in the solids oc!cur a separation process 
takes place, a small amount settling as heavy sludger, and the bulk 
sinking enough to pass under the hanging baffle into the second 
compartment. There further changes occur and a farther separa- 
tion takes place, part of the solids forming a scum which has au 
earthy appearance and may become thick and solid enough to 
support a growth of grass and even tomatoes-, and part sinking to 
form a sludge. In a properly designed and ox>erated tank a good 
deal of sludge digestion certainly goes on, for the quantity of sludge 
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that co)H*c:tK i>eriii;iJi(Mitly aud requires removal from time to time 
is remarhalily Hmall. Tlie sludge digestion must give rise to tlie 
formation of gases; hut these ai*e not suffleJent to break the scum, 
and presiiiiiahly they grsuliially percolate through ils spongy mass 
and escape in thait waiy. 

The outlet from this taink is usually 4>ver a weir protected at si 
<list.sinee <d' sihoiit (i to 12 inches by a scum board which must dip 
2 ft. (5 in. below T. W. L. The spsice betwecai the scum board and 
the weir should be kept free by manual hiboiir from the smsill pieces 
of scum which will float up t here. 

In a tsiiik of this kind an <5xperieiiced eye can judge approxi- 
mately how well the tank is working by the state of the scum and 
the clearness of the el11m*nt. A good healthy scum is found with 
an cdlluent comiairatively 4‘lear and free from solids. Uver-septi<‘i- 
sati<m will dissolve away a scum with extraordinary rapidity, ami 
is indicated by absence of scum, efferveseence in the tank, usually 
an otTensive sihell, and gi*ey or black filamentous pieces of sludge 
iji the eflliient. Excess of dilution water over aiiid abiive the 
maximum limit per user for the. tank will be in^licated by absemy* 
of sciiin ex4*ept <»ccasionally in ainy still corners of the lank, and 
much su8[>ended solid in the etlliient consisting of wholly or partly 
undigested faeces broken small. Lack of dilutifui water witinmt 
over-septicisation will be iudicateil by a floating mass of almost 
unchanged fa<H*es and a foul highly coloured ellluent. 

The two-storied stqdie tanks such the linhoff, or the Travis, 
have this in coiiimon with the CMeinesha that they retain the tioating 
44olhls, tlie liquid being <irawii otf from a h*vel below thiU reache<l 
by the floating S4dids. They ditfer principally in the fact that the 
bailies are partly hiiigitudiiml and partly horizontal instead of 
entirely transverse*. The baflb's arc* so arranged that as heavy 
sludge Settle'S it drops through slots past which it cannot rise again 
to intertVre with the clarified licpior. 

Such precise }iroportioiis as those laid down for a i31emesha 
tank do not appc*ar to be available for two-storeyed tanks. The 
indications are however in favour of making the upper chamber 
about one-third to one-ciuaHer of the total instea>d of the oiie-eiglith 
laid down for the first chainbei* of the Clemesha. The reason that 
it can aud should be made largc-r is that the more complete isolation 
of tlie sludge helps to clarify the liquor more readily, and the time 
necessary for the bmiking down of the original faec'es of the first 
chamber, and for the changes to scum, liqupr and sludge of the 
scH!ond elmmlHu-, has to be provided for the liquor which flows 
straiight tlirough the single upper storey. 
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111 Jameson’s system at Pretoria, the first tank which he calls 
a "Watson tank has a cai>acity of 1 c. ft. per user. The liquor from 
this is taken dim*t to filters. The sludge is also drawn off daily to 
sludge digestion tanks in which the usual process of separation of 
flouting solids, liquor and settling solids goes on. This complete 
i*emoval of tlie successive siqiaration processes into distinct separate 
tanks is almost certainly an improvement mcH^lianically, unci Is 
I>robal)ly an improvement hacteriologically. 

If is probable that the subdivision of the sepairation pnK*<*sses 
in this way is the solution of the problem of clarifying sewages more 
dilute than 40 gallons: biif. at present no definite data appi^ir to be 
available as to the best profiortioiis of the various parts. C<?vt.ain 
points alone are evident : the sewage must be bi*onght suflicieiitly 
near to rest for floating solids to rise and settling solids to settle 
.and remabi comparatively quieH<*<*nt : sufficient time must be 
allowed for tlie chemical and biological changes to take ]dace : and 
sludge and licpiop must l)e drawn off separately before over-sept ied- 
sation (whieli is really a form of putrefaetion) Ims time to take 
place. 

• The total tank <*apacily required iH*r user is probably alsuit (111' 
same. In order to reduce velocity throngb the tank, the cross 
section must be increased, and that means that the length must be 
diminished. As in a straight tank a certain distance of tra\td is 
necessary to permit the fall of the solids, thci indications are hi 
favour of the circular hopper shaxied tanks in which tlie flow is 
spiral. 

The discussion of hio-aeratioii tanks using activated sludge is 
held until .after that of filters as they co*!diine the work of both 
tank and filter. 

Tank treatment, exeept by a bio-aeration piwess, is not tlie 
essential part of sewage disposal. Tank effluent is still putrefactive 
and not tit to bc^i let loose in a stream*, or on laiul indiscrriniinahdy. 
•As stated at the beginning of the paper sewage disposal is the. 
fi'^idisation and nitrification of the putriffactive constitiimits of the 
sewage. Tank treatment prepares the sewage for this' oxidisation 
and nitrification either on land, or in a relatively very large volume 
of water, or on filters. Doubtless the Mauras Automatics Kcavengei’ 
would have found favour if it had been realised that its effluent, 
needed further treatment in a filter, which is the only really 
essentia] part of the whole biologic^] process. 

It always is deairable to have the liquid to 1>e oxidised on the 
filter as free from solids as possible, aud in some installations there 
is introduced an upward flow tank filled with coarse filtering 
material sometimes called a Macerating tank between the septic 

B 10* 
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lank and the lilter. Some research ou them was done in Poona. 
These were found very useful at Patna, though those installed there 
were too Hinall. Monk in Calcutta patented an almost identical 
arrarigtauent wlih-h he calls an anaerobic tilter. His tilters have 
not been stadj<‘’d with much scientitic precision and the best size of 
macerating tank remains to be decided. Information available 
suggests approximately the same size as the sejdic tank served. A 
ccnivenient form of nnuerator is a tank tilled with U' t<» ballast 
resting on a false perforatcMl Imttom, made so that the tlow of sepllc 
rank eninent is from the bottom upwards, and the tank eaii be 
washed out fiMUii the top downwards. It is a ciiinbroiis arrange- 
ment ami if a sc*paratioii of the septic tank into a sf*<limentatioii 
and scum catching tank tirst, followed by the filters «>n the one 
hand siiid a sludge digestion tank on the other will deliver liquid 
jilijii^st free from s<dids at the tilters, it is probably an improvement. 

On the subject of filters tlim? is iinicb literature and very 
little unanimity. As in the tanks that i>reeede the tilters the 
action in the filter is partly biological and partly mechanical. The 
biological a<‘tion is the essential work of the filtc*r. The mcchanieal 
action is the straining out of such solids as come over in the tank 
etiliieiit. If an cHIiieiit c<Mild be delivered from the tanks to the 
tilters entirely free from suspended .solids it would be much i‘asier 
to design a filter wliicli would give an entirely satisfactory final 
e(11ii<*iit. 

The designs of tilt(*rs are various. They all aim at ])roviding 
as suitable as possible n habitat for the bact(U*ia which bring about 
the necessary biological clisniges. Kxperienci* has shown that this 
is best provi<led in tlie form of rough surfaced material liroken in 
tlw form of ballast so as to present as large a surface area as 
possible, for it is in the rough surface of tlie material that the 
bacteria, thrive best. 

The ha(‘teria require an ample snpjily of oxygtm. In the 
iiiethotl of supplying this, filters fall into two main snlali visions, 
contact bells and trickling filters. Uontact beds are water tight 
tanks tilled >vith the filtering material, wiiich being in the form of 
broken brick or stone Iiallast or coke breeze proviiles iiitei-stices 
w'liich can be filled wifli tank etlluent. The method of operation is 
to till the tank wuth tank etllueiif : leave it standing full for a given 
period, saj' 2 hours : empty it out as completely as possible thereby 
drawing down fresh supplies of air into the interstices of the 
lilteriiig iimterinl : leave it empty so as to become thoroughly 
aerated for a certain peiiod, usually tw'o to thivc times the period 
of c'ontact : and th^n repeat the process. .Trickling filters are 
usually made of an iiniH^rvious floor draining to an outlet on which 
is heaped a pile of ballast or breeze. The tank effluent is spread or 
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senttered by some mecbanical distributor over tlie surface of th€* 
filter. As it sinks down througli the filter it carries down with it 
fresh supplies of air to the bacteria resident in the filter. The 
size of filter used in various ]ilaces varies from alnnit c.ft. per 
user to 12 c.ft. per user. There is usually very little reason given 
for the particular size chosen, and it is very ran* to find the size 
expressed in ttu‘ins of the ruunlier of users. It is most common to 
find the size of filters exjiresseil in terms of gallons of litpiid 
treated per unit of surface area, t'^lemeslia as noted above states 
that they shouhl be calculated in cubic feel per user. Fowler in 
“ Septic Tanks in Bengal dis<*nsses the number of gallons to the 
cubic yard, but also mentions the quantity of filtering medium per 
person. Kershaw discusses the quantity of sewage that can 1 k*i 
treatc'd per c. yd. of filtering medium and notes that gi-eater 
quantities of American sewages can be tivated per c*ubi<* yard. He 
observes that this may be due to the sc‘wage being more dilute. 
Metcalf and Eddy give no indication how they cal<*ulat4* the size of 
filters. 

Wliittaker’s experiments in 1807 at A<*ringtoii and many 
otliers subsequently showed tliat for the same volume [»er s<j. yd. 
of surfacx* a tlee[>er tiller gave a Indter ellluent than a sliaillow one. 
The llortield ex]HnMnients showed tlmt W'ith the saime voluine of 
sew'age jaer cubic foot of filtering medium there was vi*ry little 
difference between a deep and a shallow filter. 

Turner aind rroldsniith in Sanitation in India ” saiy “ The 

amount of sewage which can be ]iurified per cubic yjird of per- 
cohiting filter varies within ]>ractica1 limits, nearly inversely ais the 
strength pf liquor treateal,’^ 

These all supjiort Cleiueslui’s argument that the cubic conteni 
of the filtering iiie<iiuni must depend on the aiinount of putrefactive 
matter to be oxidizt*d, or in other W'onls on the number of users. 

Much depends on wliat is to be done with tlie ellluent. If it 
can finally be absorlMsl on land or let go in a considerable liody of 
water c.ft. per user is enough for a reasonably clear tank 
efliluent. When more comidete jnirificatiori is recjiiired the size of 
the filters must bo increased. 

There has rectently been much disciiBsion regarding the best 
depth for filters. Practic^al experience indicates from 5 ft. to 7 ft, 
as the easiest to work. Less dei>th than ft. may not be sufficient 
to spread the liquid out in a fine enough film over the siirfac^e of 
the particles of the filtering medium wdth the result that oxidation 
and nitrification are not carried far enough. Or(*ater depth 
involves a loss of head that cian rarely be spared. Deep filters cost 
rather less than shallow ones to construct as the masonry floors on 
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wliiclj tJiey i'e«t are siiiailer in area; but they are rather more 
expeiiHive to inuiriiaiii. If more purification is required than can 
be produc€.^(] by a r.ft. per user, a rather better effluent will be 
obtaiio^d in practice by making; the sewage flow through a series of 
filters eacJi giving c.ft. per user than by spreading the sewage 
over a series of beds in parallel. This involves double or more loss 
of head which is not always available. 

The grading of the filtering material must depend on the* 
quality of the tank effluent and the nature of the material available. 
The best possible effluent is given by a sand filter vei^ similar to 
tliat used for water works. Ilut such a filter cannot be used in 
practice b<‘<*ause the saind layer will choke much too rapidly. 

For an average tank effluent the size of the top layer of 
filtering material should be about lialf-iiich cubes, that is, rouglilj*, 
material which will be rejected on a screcni of 2 meshes to the 
linear iiicli and will jiass a- scri‘en of 1 in. mesh. Tln^re is not much 
l<i be gained by grailiiig Ibe material in ditTerciit sizes except that 
the bottom <> ins. layer slioiild be rather largt*.p in ordw to provide a 
free passage for the tiiial effluc^it to flow away over the floor. If the 
tank effluent is very well claritied, the top 12 ins. of the filter imiy 
be iinnle of smaller grade ballast, lying, for instance, between { in. 
and Y mesh. If d<iub1e filtration is employed, the second filter 
will give more satisfactory results if it has a rather fine layer of 
this kind. Thc^ layer underlying the tine layer iiiiist be composed 
of pieces wot larger than 1 times the size of the pieces in the fine 
layer It Is better bowcv<*T to nsi* rather smaller pieces than that. 

(jraditig in a water works liltcn* aims at giving a»; Jurg<*. a 
passage for the water in the Uwer layers us is consistent with 
keeping the sand in its place. The relation of one grade to another 
can be deinonst rated iiiatlmniatically without any difficulty. 
Roughly it may be taken that the diameters of the pieces in each 
succ€*ssive layer sliouhl bear the ndatioii of 1 to 4. In sew'age filters 
three objects : have to Ik* coiisid<*Te<i (1) keeping the material in its 
place. (2) providing ample passage for the effluent and <3) 
provi<ling the nuixinium possildc^ habitat for the nitrifying baetc*ria. 
To satisfy e<mditioiis (1) and the ndation of 1 to 4 is satisfactory. 
T«> satisfy (3) it is la^tteV to make the relatoin 1 : 2 or therealiouts. 

In the course of this paper frequent reference has been made to 
tlie peculiarity of the l)jo-aeratioii process. Its most important pecu- 
liarity is its proi>erty of eoinbiuiiig some of the separate processes 
previously described in a smaller number of processes. There are 
many forms of bio-aerntion plant already in existence and more are 
appearing at intervals. The essential purpose of them all, as with 
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all other dispueal is the separation of solids and liquids 

and the conversion of both from unstable to stable chemical 
compounds. 

The underlying principle oii which all the systems of bio- aera- 
tion ai*e based is that if sludge settled out of sewage that has been 
agitated in contact with aii- for a sufficiently long period is mixed 
and agitated again in contact with air with fresh sewage, the solids 
in the fresh sewage will rapidly change into a flocculent preidpitate, 
and at the same time thc^ liquid will be oxidised and uitritied to 
stable non -put ref active compounds. 

As in the other processes, the sew'age must lirst be freed from 
iiiiiieral gidt and tioating refuse other tiian faeces. This can be 
done in any ordinary foi"m of detritus tank or grit catcher. In 
. some installations, the detritus tank is agitated with air in the 
same way as tlie sewage in the aeration tanks. If a little activated 
sludge were admitted at the same time, the silt would undoubtedly 
irome down very quickly ; but a good deal of organic matter might 
come down with it too, the proper place in which to come down is 
iu th<« settling tanks. The particular form of detritus tank or grit 
catcher must be determined for each iiarticular installation. The 
grit-free sewage is then adiiiitted to the aeration tanks. 

There are already many forms of aeration lank. Ju all of them 
the sewuge is given a forwanl and also a rotary movement. Three 
typical forms are as follows: — (1) A<-tivaled Sludge, Ltd. — The 
sewage is admitted into (he end of a chaiiiiel about G f(.. deep aud 
3 ft. wide wliich is folded backward and forward on itself so as to 
make a compact structure. All along the middle or one side, of the 
channel at tlie bottom are dilTusers through which air is blown. The 
air imparts to the sewage an upward aud rotary movtmient across 
the chanueJ. Tlie channel is divided by bailies into short chambers, 
the passages from one chamber to The next being through a com- 
paratively small hole at the bottom, just over the diffusers. The 
baffles prevent the possibility of direct short circuiting from one 
end of the channel to the other. At the end of the channel the 
sewage passes into a settling tank with a hopper-shai>ed bottom. 
The clear liquid is here decanted off through bell mouths. From 
the bottom an air lift leads to a short length of channel known as 
the sludge re-aeration tank. Tlie air lift brings the sludge from the 
hopper to this tank from wdiich it oversows into the aeration tank 
at the same point at which the crude sew^age enters. The incoming 
sew^age impai*ts a forward movement to the sewage in tlie tank in 
proportion to its volume, and a further forward movciueut is given 
by the re-aerated sludge, returned by the air lift. The quantity of 
effluent drawm off by the l>ell mouths is equal to the quantity of 
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crude Hewage that eutera. Recent HjeteniB are working with 
aeration turiks 12 ft. deep. 

(2j llaworth’H paddle wheel BjBtein is somewhat similar except 
that inHt4»a<i of agitation and aeration by compressed air the sewage 
is forced along the channels which are about 3 ft. deep at a velocity 
of lA to 2 f(. per second. The oxhlisatiou of the sewage deiicnds 
for its air on surface aeration, similar to that whi4*h takes place in 
a river. In this system the aerating channel is continuous and the 
settling iu»]>pers are place<l t<i one side, so that all the forward 
iiiovement of the sewage is not necessarily down through the 
hopi>ers and up again. Tin; lift from the hoppers is by a pump 
which returns the sludge to mix with the iucoming crude sewage. 

(2) Rollon’s “ Simplex ’’ system is very different, though it 
also relies on surface aeration. The aeration tank is hoppc*!*' 
shaped. It has a funnel and pipe leading up in the centre, from 
which revolving ffipiters send the liquid in a spiral over the top 4>f 
tin; funnel which is about three inches above the surface of the tank 
Liquid. Tlie Liquid is thus cin^ulateil about once ever^* 15 minutes. 
In one form of this tank, settlement is made to take place in Hm* 
tank by tin* construction of a hanging baffle across the corners 
leaving triangular spa<‘es up which the clear effluent rises and passes 
out over a weir, lii this way the return sludge lift is abolislie<l. 
Furtlmr experiments on this method should be very interesting, as 
ill an inshillatioii of two or tliive tanks, there are many variations 
]ioKsible. They could bv used in parallel or in series, or half and 
half, some of tlie sewage being thrown by the flippers into the same 
tank and some into llit^ next. 

Ill all forms, the work perfornn^l lauv in one operation is that 
performed in other mefliods, by both septic or sedimentation tanks, 
and tUt4*rs. Lf the bio aeratloii plant is properly designed and 
tiperaicd, it completely s^qiarates a clear effliu^nt from all siispeiided 
solids, and delivers it bright, clear and non-piitrefactive. It also 
delivers the sludge in an iiiolTeiisive condition. This sludge has often 
a very high maiiitrbil value and is very easily mixed with the soil 
anti absorbi‘d by vegetation to whieh it sometimes gives an amazing 
growth. The lU'oblem of drying the sludge as a practical operation 
is not yet soIvimI, though smajl qnantitu>s <‘an bt^ dried without 
difficulty. 

In descriptions of bio-aeration plants, various information is 
given, sntdi as the period of aeration, and in air-operated plants the 
amount of free air required per unit of sewage: but as with the 
other systems, the relation of the size of the tank to the number of 
users is not mentioned. It is equally clear that there must be an 
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intimate relation, and a« a matter of fact tlie relation is far more 
easily seen in an bio-aeration system than in the oilier systems. Foi* 
the amount of sludge, that is solid matter, separated out is more 
easily measurable and provided extraneous matter is not admitted 
in undue quantity to the sewers* it is proportional to the niiinber 
of users, for it is derived from them and from very little elst‘. 

The information available on the subjecrt is very scanty. TJiei*e 
are indications that the aerating tank capacity should be about 
1! cubic ft. per user. Witliin what limits of dilution this will work 
is not deteriiiine<l, as there is no information availabh* aiul piib- 
lishf^l of a tank working on sewag«‘ strt>nger than 2d gallons per 
user, nor of one Avorking on sewage' weaker than 40 gallons per user. 
The former limit is jirobalily about a .10 gallon sewagi*. The hittw 
limit may be very high. For provided the acti<ui has time to reach 
the point at which the sludge will settle at all, it is only necessary 
TO increase the size or the number of the settling hoppers until the 
period of <pii<*sceiice is suflicieiit to separate the sludge and the 
liquid. Within tlu'se limits the striaigth of the sewag<‘, that is the 
total Jiqiiiil (‘onteiit* may vary eiioriiioiisly in the same lank in the 
same day without im|>airing its etiiciency. It is for this reason that 
the bio aeration proc*esses ar<‘ ki> admirably adapted to dealing with 
storm water. If the aeration tank capacity is rather liberal for tlM* 
ordinary How, and the settling tank capacity designed for tin* siorni 
tlow, a very large volume of liquid over and above tin* normal can 
be handled. 

However flexible the main tanks may be for dealing witli 
reasonable variations in tb>w, some storms will increase tin* flow to 
such an extent that additional ]>rovisioTi m ist be made in the shapi' 
fd storm tanks. The size of these is almost invariably given in 
terms of multiples cd the daily dry weather flow. The reascnis for ^ 
this are purely einplneal. The principle's niulerJyiiig flic design 
and construction ed storm tanks do •not. appear fo be considered or 
at any rate discussed. The line* cd reasoning usually followeMl is 
Miat if a certain multiple of the daily dry w<*a flier flow-^ nsnaliy 
;i or 4 times— is peuided up to J)e dealt with at leisure, the exce'ss 
over this figure in a heavy storm will bt^ so dilute that it c«ii be 
neglected. This is usually true but not always, for soiiictiiiies a 
violent increase in the intensity of a storm may bring down all 
sorts of accumulated dirt not inoA^ed by the gentler flow, which was 
however sufficient to bring the storm tanks info action. 

When a storm occurs, the flow of sewfige in the sewers 
increases and frequently becomes very foul. - This increased foul 
ness is due partly to organic matter in solution, but chiefly ff> 
organic matter in suspension. As with average sewage, there -are 
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three clasneH of matter to l>e considered : that which will float : 
that which will settle : and that which is in solution or so finely 
divkh*d that it dws not easily separate out rftlier by flotation or 
settlement. 

The floating matter is offensive to the eye; but otherwise it is 
probably not of serious importance as it is rajndly carried away. 
It is easily caught. The lunivy matter which will settle is of serious 
importance for if left to itsidf, it may settle in situations in which 
it may give rise to serious nuisance and danger as it decomposes. 
It can l>e caught for treatment by suitable tanks. The finely 
divkhMl matter which neither floats nor settles is the most diflicuJt 
to deal with, but by the time the floating and settling matter have 
been extracted, it is unlikely that the quality or quantity will be 
such as to be troublesome, or tlaiigcu-ous when diluted with the 
rulufall run off from the country in gtuieral. The design of the 
storm tanks must therefore 1 h‘ such as to secure that the floating 
matter w'ill be caught, and (he sidtliiig matter brought down. When 
Ihesi- two conditions are fullilhMl, the determination of the quantity 
of liquid (o be held must be made to suit local conditions. 

The floating matter can be caught with ease by means of two 
hanging ha tiles like scum boards in a scjitic tank. The tirsl should 
be deep, soinewliat similar to the hanging baflie. separating the tirst 
(*oinpartiiient of the Oleiiieshu Pattern tank from the second. The 
st*coiui, as found hy expi^rieiice, should exteml 2' — 0'^ to 2' — 
below water Itwel. To bring down the settling matter the necessary 
conditions an^ similar to those in detritus tanks with this differemv 
that the solids to lie settled are much lighter : that is the cross 
sectional velocity must Ik* reduced to such a point that it is iiisiifti- 
elent to support in sus|Kmsioii the mutter to be settled or to disturb 
j^the matter already s<dt.led and the length of time taken to pass 
through the. tauks must be suflicieiit for the settling matter to come 
down, for in a eontiiiuous flow storm tank there is a forw^ard ]uove< 
iiieut all the time and the ]Kitlt of the settling matter will be a failing 
curve. It is not easy to <letcrmiue without experiment on each 
particular sewage what the cross seetioual velocity should be. 
Probably about 0.1 ft. per-sec. is the maximum, and 0.01 ft. (>er sec. 
is the niiniiuuni. Mucli will depend on wdint is done with the 
effluent from the storm tanks. If it flows into a running stream, 
the velmdty through the storm tanks must be much less than the 
velocity of the stream, so that anything passing in suspension 
through the tanks will be kept in suspension by the velocity of the ^ 
stream and carried yight away. The velocity through the tanks y 
should iirobably not exceed one-flftietb of the velocity of the 
stream. 
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With a velocity of 0.1 ft. per »ee, tlie cross sectional area 
required is about 20 sq. ft. per million gallons per day. The solids 
capable of settling with reasonable rapidity in most sewages will 
come down within a distanc^e of 100 ft. When the oposh sectional 
velocity is 0.1 ft. per sec., the time taken for the sewage to flow 
through a tank 100 ft. long will be 17 iniiintes. Tf the cross 
sectional velocity is 0.01 ft. sch*. the lime iaken will be nearly 
3 hours. Some expcrimeiits on ibis subjec^t wwe made by 
George A. Johnson and i>ublislied in his report on Sewage Puritica- 
tioii, <\>lumlms, 1005. Witli a velm'ity of 0.01 ft. per se<». through 
a tank 8 ft. wide and 7 ft. deep. 35% of the suspended matter came 
down in the first 40 ft. of the tank, 50% in 120 ft., 57% in 1(50 ft, 
and only 60% in 200 ft. Where conditions are good and tin* outfall 
• favourable 80 ft. length will !k* ample. Tii some places even h*ws 
will be sufllcient. In only very few jdaces will it be worth while to 
give more than 100 ft. Steuernagers sediment ation expcTinicaits at 
Cologne gave the following results : With cross set^tional vehwitiw 
of 0.01 ft. per sec. the removal of suspended matter was 72% : of 
0.06 ft. ]>er sec. 60% : and of 0.1 ft. ]>er sec. 50%. It ap)>ears there- 
fore that there is rarely any necessity to reduce the velocity below 
0.1 ft. per HOC. The tirst 5(Pji', can be brought down easily, and the 
other 50% is not usually worth troubling about unless there Is 
reason to belicwe that the storm run-off will pick up poisonous 
matter in solution or in very fine snspeusion and then the whole 
problem may need tackling from the other end, for such fioisonons 
liquids should probably never find their way into the sewers, 
riiemical agents would bring dinvii much i»f the second 50%. if that 
is really desirable; hut the additional CfK.i[>lieation t«> the win'ks is 
rarely worth while. As has been seen already, the problem is 
simplified in bio-aeration plants. 

Consider these remarks side by side with fhe- reeomniendationrf*' 
of the Sewage Disposal Cmninissimi (F’ifth Report) ->‘*We find 
that the injury done to rivers by the discharge into them of large 
volumes of storm sewage chiefly arises from the excessive amount of 
suspended solids wliich such sewage contains, and that these solids 
can he very rapidly removed by settlement, we therefon; rwommeml 
as a general rule : 

‘^(1) That special stand-by tanks (two or more) should be 
provided at the works and kept empty for the purpose of. receiving 
the excess of storm water which cannot properly be passed through 
the ordinary tanks. As regards the amcuint which may [U’operly h€> 
passed throtigh the ordinary tanks, our experience shows that in 
storm times the rate of flow through these tanks may nsnally Iw 
in<u*ea8ed np to about thsee timea the normal dry weather rate of 
flow withont serious disadvantage.” 
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Tho m*ojiiiiH;ridanfni to kw*p til#.* storm tanks rmpty is clearly 
flue to I he ohl idea, that storm tanks are to pond up the worst of the 
How until such time as if can he f rented at leisure. The tanks will 
hefriii to perform their duty of settlinjj out solids which the Com- 
missioners iHM-offiiise as the most important, immediately the first 
storm How enters, if they are alreaily full. Moreover if they are 
full of eleaii water, as they slioiild he, they will lielp to purify the 
storm th»w hy dilution. If they are empty, tlie seftliiifj action is 
not only dclay<*d until tliey are full, hut for some little lime later, 
as the iiicomin;; 1i«|iiid keeps everything (‘liurneil up until the tanks 
an* full (*noii^h to form a cushion. 

Tlic extra quantity that <-an he allowe<l thron^^h onlinary septic 
tanks has already hei*n shown to he eijjlit times tlie dry weather 
flow for a five gallon sewa^^e, ami nil for a It) oration sewage. 

“(li) That any o\ertlow should only he niaile from these special- 
tanks ami that this ov<*rtlow should he arranged so that it will not 
come into of>eratioii until the tanks are full.** 

This a^*e4*s entirely with every tliinjj: sii‘>:j;esteil above, ami is 
tin* iiievitahle logical <'oiiclnsion. 

**dh That no sp(*cial storm lilters should is* provided, hut that 
the ordinary lilters should he enlarged to the extent necessjiry to 
provide IVn* tlie tilt rat ion of tin* whole of the sewa^re, whh*h, 
aecordiii;; to the circinnstanees of the particular place, requires 
Ireatiiieiit hy tillers ’* : 

This a«:aiii ap:re<*s with the arguments in this paper tliat in any 
seweraj^e systmii there will he a certain quantity of fmlrefartivo 
matter to he oxiilised ami nitrified and a certain qiiaiilily nf 
filteriii^ media will he necessary for this purpose. 

*• 111 most casw it will prohahly suflice to [irovidi* stand hy 
tanks capable of lioldin^ one quaiier of the daily dry weatlier flow, 
ami it will not he m*cessary to provide for tilti^riiij; more than three 
tiim-s the normal dry weal her flow.” 

No rt^asons are pveii for Hxiii^ the figure at one quarter of the 
dry >\eather flow. Tin* i^mlmis8i oners have hem arguing tliat Local 
Government Board requinmientR of special storm filters for treating 
storm flow up to six tiir.m uorinnl flow are too rigid. They have 
cut down the stand hy c*qiiipiiient recommended, and appear not to 
have had the courage to go all the way. 

Taking nii illustration from aetnaV figures we find that a storm 
tank for a flow of 1.000,000 gallons per day to give a cross sectional 
velocity of 0.01 ft. per sec. will require a cross section of 200 sq. ft. 
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To bring down suiue 60 per ei*iit of the siist»eiuled 8o]icli$ the length 
will be 100 ft. The eiipaeit^* therefore will he ll!r>,tH>0 gallons or 
oue-eighth of the day's How. If we are eonteiit with oO per «'eii1 
re]iii>val of the solids, a tank oiie-tentli the c‘ross seetioii, and only 
Indding one-eightieth of the day's flow will suOlee. 

Preeisely what should be dime with the liquiil etlluent from 
storm tanks is not elear. If it ran Im* turned loose in a rtdatively 
large bisly id' water, no harm is likely to be dtme. lint to return 
to tirst priiieiples :.tlu‘ area siTveil by the sewerage systi*ui eimtains 
a certain population wlu) prodnei* a eiudain qinintity of was1i‘ piitre 
faetive matter wliieh has to be piirithMl ainl nunleriMl iiiiiiM-iions. 
The iin>st important part i>f that waste iinilt(*r eiUisists «>!' si»wagi‘ 
pri>pei\ namely animal exi-reta, and of that the most important 
part is the liumaii exereta. Tln^ rcuiiaiiiiler ecmsists of exi'reta ol* 
ptlier animals i»riiieipally cattle ami liorsi^s : of the lh|ind parts of 
kitchen refuse: and of hath water and strecd and other wasliings. 
Ill a disposaj system di^signeil to ileal with tin* i^Xi*nda iif tin 
tmpiiiation serve<i, storm water 4*iitering the sewers will diliiti* tin* 
si'wage and, provi<ied the ililiitiiiii is not in excess of tin* limits 
laiil ilowii, will mil inti-rfere with the action, lint the' storm wati*r 
will inevitably bring in other matter whiidi iloes not iiKinilly i*nl4‘r 
the sewers. This will i*nter as suspeinled soliils, which will be 
extracted in the storm tanks, lint in the K<^Wi*rs and in the (auks 
themselves, some [lart of the suspeinhMl imittf*r sindi as rotting 
vegetation or the like will pass into solution, producing frequently 
a peculiarly offi-nsivi* licjuid. Tii pass such liiiuiil through a 
sfiecial tiller attached to the storm tanks, and only iisi*d when tin* 
storm tanks are in i»pera1ion, will ilo mt good, fi»r there will mil Is* 
enough live organisms in the bed to jinnluci* any appreciable idb-ct. 
It follows that if the storm tank etlhient must Is* fU1en*il at all, 
(and in many places it certainly inH*d not) the only phM‘e on which 
it can be done is in the ordinary titters. Tliesi* tln*refore must be 
made of such a size as to give a rather belter ellluenl than would 
iitherwise be necessary in iii’dinary times, sci that t.he efthii*nt at 
storm times may be up ti> the stamlarii re(|inred in the particular 
place. This standard need certainly rmt lie so high as that reqiiin*d 
ill ordinary times, fiir wdien a sloriii is heavy enongli to bring tlii* 
tanks into action, it will certainly provide a great deal of dilution 
ivater in the out fall stream. If the filtration is sufllcient to start 
the nitrifying action at such times, that is almost certainly all 
that is required. 

The detailed design of the storm tanks must be made to suit 
the particular place. Almost any shape which gives the <*orrf*i!t 
cross secrtional velocity and correct distance of travel at tlial 
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will anMwer equally well. When tlie »ize becomes consider- 
able, a niJiiiber of tanks in parallel so arranged that they come into 
operatimi successively as the How increases will be found easier to 
keep ill gooi] working order than one large tank. 

In concliisioii to ret*apilulate the principles already discussed : — 
Speaking generally the piirilie^ition of sewage consists in separating 
out the suspended solids, licjuidying as much of them as is possible 
ainl oxidising and nitrifying the etlhient liquid. The separation 
of the solhls is usually dealt with in sucA'essive i>rocesses, flu- 
eniiieiit from each process lieiiig oxidised and uitrilied, separately. 
VivHi the iJiiiierul grit is extracted by reducing velocity to such a 
point that it will scdtle, but as little else as possible will settle. 
This velocity should he from .75 to J.25 ft. per sec. and the length 
of l.ravel at that velocity from 30 to 50 ft. Secondly, the tloatiiig 
solids are held in a tank <ir in a chamber of a tank until they 
break dowi 4 ainl velocity is again reiliiced so that more susjieudeil 
matU^r settles, and in many tanks time is given for the seliletl 
solids als<i t<i cliauge. In a iUemeslia tank dealing with any 
sewage from 5 lo 40 gallons this clmmlK^r will have a capacity <if 
about j cii. ft. per user. Nearly all the systems are approximately 
similar to lliat point. Then divergeiu*e takes place. In a Clemesha 
tank the eniiient of the tii*st chamber, and a considerable qiiantitj’ 
of the settled solids lind their way together into the next compart- 
ment. which has a cajiacity on a similar sewage of about If cu. ft . 
per user and in which the bulk of the remainder of the suspeiidetl 
solids is held either us a scum or as a sludge. The Clemesha tank 
(41liieiit is much more easily filtered if it passes through a macerat- 
ing tank to extract the remaining solids. The best size! is not yet 
det(*nuiiied. Kvideiice points to gross tank capacity of 2 cu. ft. 
per user : the tank being tilled with ballast of about two inch culies. 
In the danu^oii system at J*retoria, his Watson tank has a capacity 
of 1 cu. ft, per uscu*. This clearly will take the bacterial action 
rather further than the first i'Oiiipartment of the Clemesha- tank. 
The efliueiit from this tank goes straight to the lilters and the 
sludge, which is removed regularly twice a day and wdiile still quite 
fresh « is taken tf> sludge, digestion tanks which are now being 
worked on u continuous tiow principle. The sludge digestion tanks 
are agiiiu contrivances for the Me}>aration of solids and liquids and 
here the li<|uid is taken on to laud, the best filter as long as it is 
not overloaded, and the sludge dried, and used as a fertiliser also 
in the land. The capacity of these tanks appears to be about 
1.5 cu. ft, per user. 

The various double storied tanks come midway between the 
Olemesha pattern tank w'hich separates solid and liquid in the first 
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compartment and i*cniixe8 them in the next and tlu* Jameson 
Hjstem which separatcK them detiii1t(*ly and finally. 

This coiiiplefe sepavatioii at each sia^e appears iu he the logical 
sequence. The detritus tanks take out. the road grit, and lei the 
sewage proper go forward. The Watson tank separates off liquid 
tit to go straight on the tillers and semis sludge 1o digestion thinks 
w'hich again separates solids and liquids, and semis the liquid t<» a 
tilter, namely land and dries tlie slmlge. When slfu-m tanks cium* 
into action they agsiiii separate solids and liquids ami sen<l tht» 
liquid for oxidisation by tiltf^rs or by dilution. 

From end to end sewage disposal! rc-solves itsidf into tin* 
siqiaraition of solids from liquids in sm‘cesslve procf'f<ses, and the 
oxidisation of the liquid effluent from each process as soon as it is 
sufficiently clarified not to clog up the oxidising apparatus. A 
suitable aiTangeinent of the successive pi*ocess(*s will deliver liquid 
effluent to the tilti^rs in such a condition as to he t^asilj^ oxidised, 
and reduce the solid n^sidiiiiui to an inoffensive minimum. Each 
separation ]n*ocess is principally mechanical and each oxidisation 
process firincipally bacteriological and cheitiieal. 
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DISCUSSION O# 
SEW^E DISPOSAL WORK. 


r. Q. 
ilHamii. 


Mn. G. Bkansdy Williams Haul tlist Mr. Temple’s paper was 
really a eompletc treatise on sewai^o disposal in miniature. To 
liiiii tiie most valuable part of it was the appendix, in which Mr. 
'jVniple liad collected u vast amount of information that would 1 >g 
very usi'fiil to sewa^^ disiiosal expei*ts. The paper was not an 
easy one to <;<»irinient on lulequately, for to through and deal 
with all the questions seriaiiiii, wouhl necessitate an address nearly 
as Jong as the pai|>er itself, lie would therefore content himself 
wilh referi*ing to a few points. As regards the alternative of 
basing tlie design of sewage w'orks on the number of Arsons serv- 
ed, ainl not the iiumber of gallons to Im^ treated, this w*as uudoubt- 
e<liy the ]M*oper systein for Jinliu, wiiere the sewage was almost 
always purely domestic sc^wage. It could not, how’^ever, bc^ applied 
ill more advanced countries like England where the sewage prob- 
lem was (^ompiiaited by the addition of enormous volumes of trade 
\vaHt(? of a gi*mt variety of chemical composition, some of them 
<*n^utiiig giH*at dilllcultles in the purilicatioii works. It w'ould for 
example be* inijiosslble tc» reduce the st*wugir of HhefUeld, Bradford, 
Bolton, Brighton, Croydon and Aldershot to a common denomina- 
tion of nuinlier of persons siu-v<?ii. In England thei*efore the ques- 
tion b(M*aiiie one of so many gallons to be treated of a certain 
strength. Tlie sewagi* disjmsal problem in India was in fact sim])le 
ill :4*ompurisn]i witli that in Etighiiid, for not only had we hardly 
aiiy^trade w'aste to deal with, but also the assistance of the climate, 
whi«*li caused biological action to taki* place much inoi*e rapidly 
Mian in lower teiiiiHU*atu r(*s. 


He was afraid he did not altogether agree that sludge from a 
septic tank was of little nianurial value. The sludge fi*oin the* 
septitt tanks at Diu*(*a had beim easily dried and iiad beem proiiounc- 
eil hy the agricultural department to havi? considerable nianurial 
value. ISo fur as his experiments had gone they did not show that 
the efliiieiit fi*oiii bio aeration works had any s[>cK:ial advantage 
from a nianurial point of view. In fact the emps grown at Nag- 
pur, which had been ii*rigat<Hl by septic tank efifuent had grown 
liettor than those irrigated fi*oiu the effluent from either the Sim- 
plex or Activated Sludge plants. The chief advantage of the latter 
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procesBes from au economic point of view was the sludge they pro^ 
duced which undoubtedly did possess much greater manurial Br»ntiy‘ 
value than the ordiniy^ septic sludge. 

He felt he must expJalu what hap|iened at Gaya, for he was i*es- 
l>ousibh' for the design of the septic tanks i||£erred to. This was 
based on the statement of Colonel C^iemesha referred to in p. 08 of 
the paper that the really important change took place in the preli- 
minary coinpartnient of tlie septic tank aihd that the remainder of 
the tank could pi-obabl^^ Im- much re<iuced in capacity. These tanks 
were th€>rc?fore designed with a large first eomiiartineiit and a com- 
paratively small second one. However it was found that the esti- 
mate of what a tank of this design could do lii the way of claidfica- 
tiou was too optimistic. 

• 

In regard to bio-aeration systimi, there was only one point 
that lie wislie^l to raise. In England opinion had now crystallisc^d 
in favour of giving a preliiiiiiiary treatment liefore passing the sew'- 
agi* into a bio-aeratioii plant. It had been stated, although he 
was not in a position to verify the statement, that the amount of 
aeration required varied approximately as tlie square of the amount 
of organic suspended matter in the sew'age, and it was therefore 
ei'oiioiu}' to iHHluce the latter as mucdi as possible by preliminary 
settlement. The argument, prohalily ajiplied in India and whm* 
it was merely desired to produce a iraJly gmul ellliient as cheaply 
as possible it would probably be found cheaper to pass the si^wngit 
through a septic tank before treating it by bio-acration. This sys- 

won Id -however grwitly reduce the quantity of surplus sludge 
and consequently the income that could be obtained by selling it. 

This was a very important question, and lie was not at present pre- 
pare<l to express any opinion on the relativ«- advantages of the two 
alternatives beyond saying that whichever was aclopted should 
probably depend on loe^il cir<nimstaiices. 

He felt that lie had said (|uite cmoiigh and would therefore not 
<leal with any other statemiiits in the paper Iseyoiid saying that 
la c^onsidered it a valuable, addition to the knowledge of this sub- 
jec*t in India. 

Mit. A. T. Wkstox said : Mr. Temple in bis paper remarked Hr. A. T. 
upon the absence of trade wastes in the sewage discharged from 
the average town in India. Mr. Temple apparently derived consi- 
derable satisfaction from the absence of the particular difficulties 
which such trade wastes involved. He thought it should he 
pointed out that Sanitary Engineers would not always be able to 

a 10 
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fake BO liglif. hearted a view of the aituation and tliat the need for 
providing treatment for trade waatea w'aa one of which a great 
deal more would t>e heard in the future aa the induatrial import* 
mice and developintmt of India expanded. Even at thia moment 
one of the municipalitiea in the outakirta of C'aleutta waa up 
againat a very difUevdt jiroblem in regard to the (dUiieut and waate 
liquora from a numlier of tanneriea employing both the vegetable 
and chrome bath procc^aHea. The tanneriea conatitntiMl an import- 
ant naaet to the Mniiicixiality. They emi>loyed laliour and ftaid 
ratea to. the community and they naturally expected in return that 
the public drainage ayateui ahould remove their W'aate producta 
without any furtlier trouble to thcrniaelvea or to tlie local inliabit- 
auta. So far however no autiafactory aolution had been found and 
one of the taiinericHi at leaat had to cloae down in conaeiineuce-^ 
state of affnira whicli waa neither aatlafactory to the proprietors* 
or to the lalKinr who had Iieen thrown out of employment or to tie 
Municipality. It waa not to be expected that each induatrial coii- 
cem ahould Im^ exjM'ri in the disposal of its waste i»roducta. The 
experts in this connection were the Sanitary Engineers in chargi* 
of the Drainage and Sewage dispoaal W'orks pmvided by the com- 
munity as a wlude. It was therefoi'e up to tlie members of the 
Sanitaty Engineering profession to take this qut*ation of the i>uri- 
fteation of trade wasti's and their disposal in an innocuons man- 
ner, seriously into consideration. It was a prohI(*ni nlHuit which 
much more would la* heard in the near future. 


Mu. M. ]{. .Atkins congratulated Mr. Temple on his very clear 
and cmnpreliensive treatment of a difiicnlt subject, anil exprekst**! 
his admiration of Mr. Teniple'a method of solving all engineering 
problems by reasuning from tirst principles instead of from the 
point where other engiiitHU’H had left off. He did not agree with 
Mf’. Temple that tAvo at<u-cy sedimcaitation tanks were out of date. 
Mr. Temple had mentioned the two storey ta-nks at Colombo. Thei'e 
were several tyiiea in nat* there, and the simplest and least expen- 
sive type, formed by anbdividing a rectangular tank about 10ft. 
deep int:o oiu* lower and two upper chambers by means of inclined 
slabs of ivinfoiT'CAl conci<ete, had proA'ed most effective. He 
thtsj^ht two storey sedimentation tanks and percolating filters 
were very suitable for use iu India as they were far simpler to 
operate than an activaltMl sludge plant and did not require the 
same expert supervision. He thonght members of the Institution 
might be interested to bear of an experimeint which he had carried 
out iu Colomlm in connection with sludge drying. Sludge drying 
beds had been constructed consisting of a layer of drainage tiles 
carrying a 9 in. layer of coarse broken stone topped by a 3 in. 
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lajer of stone chips. The slndge was run out on. to these beds Kr. .|f. a.; 
about 9 in. deep and it dried out very satisfactorily in alxnit 
10 days. The dried sludge was then siaubMl oif, but trouble arose 
in that the stone chips had to be removed and waslied after every 
operation, mid theaie was a considerable wastage of the chips due 
to their adhering to the dried sludge. To rtauedy this a single 
thichnesB of ordinaiy ciiconnt matting, as umhI for flooriug, W'os 
laid on the top of the coarse stone instead of a layer of chips and 
M'eighted dow'n a-ith flat iron liars to prevent its floating. The 
matting ptoviri to 1 h‘ a perfiwt Alter, passing clear water aritliin 
tl minutes of the sludge lieing run on to it, and was very readily 
washed and replaced after the removal of the drieil sludge. 

The Aitthoii ntiid in i^>ly tliat, ilion^h In* afjrowl that in |>ih». The A-nthoi 
(MinditioDA in a country like Enfrland it would ba^very dilll- 
cult to design scM’iigc* works on the basis of number of persiniH 
served, snch artiial statistirs as were available showed tlial thi* aver- 
age size of tanks was atmnt 2cn. ft. per bead in England. The 
sludge from se])tic tanks varied a good deal, but available m!Oi*dH 
gave an average of a. nitrogen content of only about per cent, 
which was hardly worth carting. Tt was cm*tainly true that the 
effluent fi*ora bio-at*riition works had no special advantage from a 
taannrial point of view. The effluent from the Nagpur septic tanks 
did not go through filters, and carried a considerable (piaiitify of 
organic matter; that from the bio-aeration tanks was much 
mon? completely purified and carried much less (organic matter. 

The sludge from bio-aeration tanks had enormonsly greater niunn- 
riai value. • 

Preliminary settlement undoubtedly made ]>nritication by a 
bio-aeration process easier, and therefore probably <*lieaper, in 
India as well as in England, but it could 1 m» carritHl too far, atid 
leave so much sludge behind that there was scarcely encHigli left 
to do the work in the aeration tanks. 

• 

In reply to Mr. M. B. Atkiu’w qucMtioii why he hud hwt faitli 
'in the two-storied tank, he explained that he hnd not lout faith in 
the two-atoried process but that he had lu^onie convinced that it 
worked better when the two parts of the process were entirely 
separated, and when new tanks could 1 k^ eunstriicted he thought 
separate tanks would be much cbeaper than combined tifo-storied 
tanks. 

With rqiard to Mr. A. T. Weston’s remark that Sanitary 
Experts shonld Iirip in the disposal of trade wastes and thereby 



124 THE INSTITUTIOK OP ENGINEERS (INDIA), 


e Antiuir. keep down the cost of the trade products, this only meant that the 
cost of treating the trade w'aste had to be borne in a different form 
by the public at large and possibly at greater cost than if the trade 
waste was dealt with separately and its cost of dispos«*il borne by 
the purchasers of the trade products. Sanitary Experts should 
undoubtedly help each trade to dispose of its own wastes at the 
minimum cost to the community at large. 

With regard to Mr. S. K. Chakravarty’s account of his small 
disposal w'orks and his question why no scum should have formed 
on one only of them, it was probable that that one was too large 
for its work and was destroying its own scum by the products of 
over-septicisation . 



THE 

DRAINAGE PROBLEM OF BOMBAY 

AND THE 

PROPOSED NEW MAIN DRAINAGE 
AND SEWERAGE SCHEMES 

BY 

V. £. EMMANUELOV, Member. 


The position ol* Hoinbay Kituatecl u>s it in on a small Island 
separated from the main land hy tidail ereeks^ at the first f^laiiee at 
the map would api)ear to be one of the most favourable from the 
pouit of view of its sewage clisposal and would relieve the cdty of 
those problems with which other large towns are usually confronted. 

A idoser ac<|naintaiice with the Jiistory of Jlombuy sewerage 
however indicates that this is not so and that the question of how 
and where the sewage of Bombay could best be disposed of has for 
the last half century been a matter of much controversy among 
Engineers, Doctors, different Committees and^Goveriiiiient Comniis- 
sjf>ns. Jt has been disciiHsed on several occ'asionK and so far 
\irithout any definite and practical decision teing reached. 

The reasons for such continued controversy are iimny and some 
of these may be mentioned here. These* are : 

(J) Contradictory interests of Government, Municipality and 
other various imblic bodies, 

(2) Shortsighted policy with regard to the possibilities of 
further expansion and developments of the city and its 
suburbs and 

(3) Permanent reluctance to spend a sufficiently large amount 
of money to obtain the best solution of the problem with 
the consequent policy of paliatives, leading only to 
partial and inadesquate measures. 

However the di^inage of Bombay in spite of numerous alternat- 
ive schemes from time to time put forward for its solution has, as 
regards the position of the outfall and the methods of sewage dis- 
posal, remained practically the same as it was at the outset. 
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Ah in 1867 crude sewage was being discharged into the sea on the 
u'esterii fortwhore of the Island at all states of the tide. The same 
is being done to-day though of course on a very much larger scale. 

HISTORY OP BOMBAY DRAINAGE 

The exact date, when sj'steinatic drainage of Boinbiiy was 
couuuenced is not cl<*ar ; ■ it is known only that certain 
open water courses wei'e always uinintaiiM'd, doubtless moixi 
or less in a itcrfunetory manner, by which rain water, as well as 
sewage from inland found their way into the nea, doing so by two 
large gaps, — one at Worli w'hei'e some kind of sluices had been con- 
structed and the other — at the place where now stands the Hornby 
Vellard. As a result of the construction about the year 1842 of this 
Vellard other sluices were <‘onstructt‘d at liOvegrove and a new 
conmartion with the upper part of the old «ns!n drain was madt;. 
Between 184.5 and 18.57 part of this ojhmi drain. ap)>roximately 
between Pydhoni and Tlellasis Road, was {>overed in. . In addition 
to this tli«*r<t existed at that tiino about l.2f58 yds. of covertsd drains 
discharging into the harbour and 2,6.54 yds. of siniilar drains dis- 
charging into Rack Bay. 

It was not until 18ii0, from which date Major Tulloch took up 
the history of the Bomliay drainage, that tlie first general scheme 
for the drainage of Bombay C.'ity as a whole was proi>oscd, Messrs. 
Wilcox and Tracey lieing tlie sjionsors for tlie ]»roposal. In the 
report of Messrs. Wilcox & Tracey submitted to ihe Bencii of 
Justices the authors^)! the scheme objected to the dimdiarge of sew- 
age on the west coast of the Island as ladiig windward and also to 
the discharge into Back Bay. on account of it Iteing too shallow, but 
suggested discharge into the Harbour at Wari Bunder and at Carnac 
Bunder; rolaha. Fort and Malabar Flill. in their opinion, should 
l»e draiiu^ by independent systems. After approval of this st^heme 
by Mr. R. Rawlinson, a leading Sanitarian of those days, this scheme 
was sanctioned and \rork w’as commenced in 1864. Owing to the 
persistent complaints of the nuisance caused by the existing drains 
alreaily discharging sewage into the Harbour, Government appoint- 
ed in 1866 a Commission to report on the scheme. 

Fending the decision of the main question of the <.)utfa1Is into 
the Harbour several minor drainage works were carried out among 
which was the construction of a low level sewer from Bellasis Road 
to Lovegrove with a small Pumping Station at that place. These 
were ccnnplefed in 1867 thns laying the foundations for the drainage 
system as it is to-day. 

Hie Members of the Commission were i^ivided in their opinion, 
Col^ia having been suggested by Hr. Ormiston, the Port Tmst^s 
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Enghieer as tbe best point for sewage tiiacbarge ; a new sdieme was 
in consequenee prepared, this being done b; Mr. Aitheii, tbe then 
Municipal Engineer. 

The Cktvemment (freeing with Mr. Ormiston referred this pro* 
posal for its consideration to Mr. Rawlinson who gave it as his 
opinion that sewage discharged at Colaba would return and con- 
taminate tlie Harbour. This opinion w'as Itased on wrong data 
.snpplied'l)}' Mr. Jaganath Sadashir ns a irsnlt of his float observa- 
tions of the sea currents at Colaba whicli slioweil erroneonsl.v that 
the currents during ebb tide set into the llarlumr iiisteail of flowing 
into the open sea, as one would natunilly expet't and as actually is 
tbe case. This extraordinary mistake was discovered only in 189b 
by Mr. Baldwin Ijatham who describes it as the principal cause of 
Bombay haring its main outfall on the weslern foreshore with nil 
*the nuisance arising therefrom. 

In 1808 auotiier Government ComiuiMKion was apxminted u’ith isoa 
the it'siilt that an outfall at Colalsi opimsite tlie old light house was 
recommended! with the provision that all stowage of tbe ('ity should 
I>e collected into an imttounding reservoir to be constructed at that 
[dace and to Ije pum])ed therefrom into the s«‘n on the ebb tide only. 

This proposal was sanctioned l>y Government. Therefore if Major 
Tulloch u]i tlM‘ diate d»f Messrs. Wilcox aindl Tracey’s report d>f 
1860 as a commencement of the Bombay drainage liistory then the 
report of the first t’ommission appointed in J866 by Government 
may be considlered as a commencement of an everlasting contioversy 
with regard to the question as to how and where sewage of Bombay 
shduild liest be dlisposed of. Since tiiat date, i.c., 18(t6 not less than 
10 sd'hemes tor the solution of tlie Bomlmy drainage problem Imve 
jatt forward ami no less than 20 different (?d>nimitt(‘ea and Com 
missions have considered the jiiacticabilit> of these schemes from 
engineering and sanitary as well ns financiat points of views. How* 
ever not only tbe members of the several Comm!ttet>8 but the various 
Committees and Commissions tliemselves differed in their opinions 
on the various proposals thus resulting in numerous reports, end- 
less controversy and diverse decisions leading to no end. Theri* 
were many schemes all ably advocated and there were the recom- 
ihmidations of tbe Commissions to do nothing,” says Mr. 11. A. 

Acworth in his '^History of the Bombay Drainage.” 

Of tliese schemes 1 shall refer only to the most cliaracteristlc 
from the point of view of the methods proposed for the disposal at 
sewage and diverse fituations of the outfalls. 

Of these various schemes the one proposed by Major Tulloch In 
1868 and later modified hy him in 1871 was the most complete, being issaisTi. 
also somewhat noteworthy as r^rds tbe proposed methods of 
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HewBpge diftposaJ. The main feature of thia propoaal was the utiliza 
tion of the crude Ncwage for land irrigation at Tromlmy, the eltluent 
it vf&H i>ropo8ed ahould be discharged into the Creek. Condemn- 
ing an outfall at ('olalm on economical grounda, Major Tulloch was 
ut]ually oppoHcd to an outfall at Lovegrove on the score of almost 
certain nuiaancrc there and he preferred and actnallv proposed to 
take sewage as far as possible from the populated areas. Besides 
by that time the (lorcrninent having changcHl their views declared 
that wmwMit could not l»e given for the discliargi' of sewage on the 
iinmediat<; foreshore of the New Military Cantonment at Colaba 
and that i‘oiis<M|iieiitl,v a pro|M»siMl outfall at this place was inad 
niiaaihle. 

Ill 18(*!l aiKither tiovernmeut Commission was appointed to con- 
sider MaJ<u‘ Tiillocirs [iroposals with the result tlm-t while agreeing 
to separate storm watei*H from sewage, as suggested by bin/ they 
entirely disagi'eeii with his proiiosal to utilise seAvage for land 
irrigation. 

In 1S7;{ .Mr. Fodder, the then Municipal Coiiiniissioner modify- 
ing Major Tulioch's prop«isal xmrticulariy with regard to the appH 
cation of sewagi* to land, submittiMl a scheme in which he i*ecom- 
luenrh'd the removal of the then existing pumping station discharg* 
lug sewage into the shallow bay near tlu* sluices of the main ojwui 
channel at Lovegrove to a new site, and tliversion of the sewage 
outfall further North to the point sidwted by him »>n the western 
foreshori* at Worli with a new imtfall thi*r<*fr4>m to the open st*a. 
He gave as his tiriu belief that this w'ould In* quite sufliciimt to 
eliminate all the nuisaiu'e that existed and about whieh there Aver** 
S4» many coinpluints. 

Another (loverninent Cominissiou Avas npiioiuted in 1877 to 
rejiort on Mr. Fediler’s seheine or to 8nggi*st another AA'ithiii a cost 
of 50 lakhs of rupees. In spite of the very strong opinion against 
the suggestiHl i‘eU>ii(ion of the sewage outfall on the western fore- 
shore, as expresseil by the iiiajoi*ity of the Avitnesses Aniio appeared 
liefore the Oonimission. the ('omniission agreed Ad-ith Mr. Pedder’s 
proposals and work Avas commenced in nccortlanee therewith. 

By the end of 1880 the main sower fi-oin Camac Bunder to 
Lovegri've, a new pniiiping station and a double liarrelled outfall 
to tlie sea Avere completojl. But iu 3889 another GoAcrnment Com- 
.mittee Avas appointed to inquire into the nuisance caused by the 
Nudsting stAverage system AAith the result that in 1890 the services 
of an eminent Engineer and Sanitarian. Mr. Baldwin Latham were 
reqnisitioned by the Municipality to report on the existing drain- 
age system of Bombay. 
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In his report eubmitted to the Municipftl Corporation Mr. 
Baldwin Latham condemned tbc discharge of sewi^ at Lovegrove 
and pointed ont a mistake in the records of the tidal observations 
at Colaba that had been made and the erroneous deductions that 
had arisen therefresn. He strougly recommended Colaba as the 
only proper place for the sewage outfall for the whole City pro- 
vided that sewage would be stored in a covered reservoir there 
niid be diB^|harged into the sea near the Prongs on ebb tide only. 

Another Government Commission was appointed to report on isu. 
his proposals, the result being that the outfall at Colaba was con- 
sidered to be impracticable owing to the prohibitive cost involved 
by a very long and deep cutting in rock. Mr. Btildwin Latham 
at that time agreed that if an outfall at t'olaba had been, for sound 
and considered reasons, found impracticable, then the continua- 
•tiou of the discharge of sew'age from an outfall at Tjovegrove 
s^med inevitable. 

In lii02 the question as to whether an outfall at Colalia for the jaue. 
Colaba sewage only would be advisable was raised, but after much 
discussion and on Government vetoing the suggestion, it was drop- 
ped. 

In 1899 at the rtMinest of the Corporation Mr. Santo Crimp, an- '**"**■ 
other eminent Engineer and Sanitarian, visited Bombay to advise 
on various drainage questions particularly that of : 

(a) the disposal of the storm water of the City 

(b) the sewage outfall at Lovegrove. 

As a result of his investigations and float observations of the 
tiddl currents taken at the place of the existing outfall at Worli 
Mr. Santo Crimp suggested a tinnsfcr of this outfall further 
North to Worli Point on condition that sewage would be allowed 
to l>e discharged at that place during ebb tides. 

With regard to the disposal of storm water he suggested the 
diversion of the main open channel from its point of discharge 
into Mahim Bay, to a new' place at Clpvelaiid Bunder at Worli, as 
»*ell as the construction of a long weir separating the main often 
channel from the storm water reservoir at Tlttmby Vellard. Both 
w'orks connected with storm water disposal w’ere carried out but 
not the suggested extension of the sewage outfall. 

With the increase of population in the Northern Part of the 
Island and the absence of a sewerage system in this locality con- 
siderable quantify of anllage waters and even of .crude sewage from 
this part ot the city have been continuously discharged into the 
opmi drains, thus creating a constant nuisance specially noticeable 
daring tiie dry months of the year. 
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111 Mr. Maugliaii, Jiepiity Executive Engineer, Drainage, 
prapared a Mebeme for tbe aewerage of tlic Nortberu part of the 
laland in which he firopOMi*d the erection of a central Pumping ata- 
lion at Dadai* witii aew'erH gravitating to thia place from aurround- 
ing Jocalitii^M stretching on fln^ No]*th as far as Sion and on the 
Soutli as far as the Ferguson Hoad Ejectors. After being scieeiied 
at the station it was proposed that the sewage should Is 5 pumped 
tiirougli two 42 ins. iliaiiieter east iron rising mains to Lqiegrove, a 
distance of miles, to lie finally discharged into the sea, through 
tlm existing outfall there. 

Jn 1009, on the representation of the special Committee ap- 
pointed by Governuumt to report on tlie possible ilevelopments of 
the City of Eoinbay the (jovertiment passed a resolution in which 
they i-eferii^d to the generally recognizetd unsuitability of Lovegrove 
outfall as the point of discharge for the sewage, owdng to the 
iiulHauei'! to tlie Western pari of the city arising therefrom, and also 
to their inability to ac<!ord jicrmission to the discharge of sewage 
through an outfall at Colaba. They stated that ‘‘the most suit- 
ubU? site apjM^ared to lie North East of Hion provided that arrange- 
iiieiits could be made io prevent polhitiou o^f the Ilai- 
hour by sewage. It w’as clearly desirable that the Corporation 
should consider the advisability of removing the outfall to the North 
East of liombay without delay. 

In 1912 when Mr. Midgley Taylor, another eminent Drainage 
Engineer, w'lis in Bombay he w'as requested by the Cor]>oration to 
report on the ilisposal of llie storm water of the whole of the City 
and on the sewerage sclieme as preimred by Mr. Maughan for the 
Northern jiart of the Island. In 19M Mr. Midgley Taylor sub- 
mitted his report in w'hieh he fully agreed Avith Mr. Maughan’s 
proposals for the sovage disposal of the Northern part of the Is- 
land. With regard to the disposal of storm Avater he suggested 
diA'ersion of the existing main oj>eu drain from LoA^egroA'e to mwt 
the Worli channel thus obtaining one common outlet at CleA^eland 
Blinder at Worli. This scheme provided for a storm water pump- 
ing station at that place with 10 cnmtrifugal pumps to be actuated 
by Illesel Engines. OAving to the strong and aa’cII founded criti- 
l ism on both of the proposals offered by the Municipal ExecutiAC 
Engineer and the high cost of the proposed installation of this Pump- 
ing station, with all the requisite .subsidiary works at Worli, neither 
praposal was procecnl^ with. Anticipating in 1916 an increase 
In the volume of sew'age to be disposed of in view of the augmented 
Avater supply expected after the completion of raising the Tansa 
Dam and the proposed scheme for the sewerage of the Northern 
part of the Island, as well as a desire to minimize potential nuis- 
ance thereof caused by the existing outfall at Worli, emnp^ed 
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the Municipality to consider the question of enlarging tlie sewage 
outfall and extending it into deep sea waters. 

The suitability or otherwise in this respect of the existing sew- 
age outfall had been fully consideml by the consulting engineer, 

Sir John Wolfe Barry, and condeiiiiied, and a new direct line into 
the deep waters had been suggested. 

In 1913 these recommendations having been approved the con- lois. 
struction of the present deep sea outfall at Lovegrove to the length 
of 1,000 ft. witJi two (5 ft. diameter stcnd barrels luicased in concrete 
was commeuc^. The outfall was not carried out as fur as ori- 
ginally intended partly due to the ciiN*unistauces ciumecteil with 
the w^ar and partly- owing to a very unfa voiira hie eondition for 
subinanne works to be carried out on such an exposinl coast, thus 
making the execution virtually proiiihitive on account of the in- 
rreased cost. Besides it had lieeii realiz<‘d that llic site of this 
outfall in an expanded Bombay was far fi*f>iii the ideal or even the 
liest availalde and in consequence further work on its construe- 
tion was stopped in 1918 when alN>iit ri^.OOO ft. of this outfall had n>ta 
lH*en completed and a different solution or lloiiibav^'s drainage 
problem has Ikhui sought. 

With the Xew Taiisa completion scheme, for augmenting up to, 
90,999.000 galls, per day the tity’s water siij>ply, in hand and in 
presence of ever im*reasiiig danger of fiirlher polliitioii of the west- 
ern foreshore, which may be rightly called, “The laiiigs of Bom- 
bay” with its fresh sea-breexe, magnificent firomeiiades at Worll, 
lloruby Vellanl and Warden Koad, excellent and ^ahlbr^o 11 s re 
sifloiitial areas along the whole line of this fon^sliore, the drain 
age problem of Boml>ay has to a considerable extent lK*en ag- 
gmvated, thus persistently deinaiidiiig an early and satisfactory 
solution. 

But the partial and inadequate cliarac.t(*r of all former pro- 
posals troiii lime to time put forward for the solution of the drain- 
age jiroblem together with an evbleiitly defective state, of the exist- 
ing drainage system and a great expansion of IJie tity during the 
hist f(*w years ealled for the necessity of pnjposing a more com- 
preheiisive scheme and of greater magnitude. 

Such a scheme for the main drainage and sew(*rage of Bom- 
i»ay as a whole was prepared in 19IS by Air. James W. Mackison, lai®. 
the then Executive Engineer of the Aliiiiicipality. Air. Motile, the 
then Municipal Commissioner before recommending this scheme to 
the Corporation deemed it advisable to obttfin skilled expert^s 
advice with regard to the proposals submitted and on the Cor- 
poration agreeing with him, the services of an eminent Engineer 
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and Buiitarian, Mr. J. D. Watson of Birmingham, were engaged 
and he subsequently arrived in Bombay in 1919. 

As a result of Iiih investigations, enquiries and studies of all 
the local data and conditions connected with the Bombay drain- 
age problem Mr. Watson submitted in 1920 his first report in 
which he entirely agreed with Mr. Mackison's proposals and re- 
commended this scheme for execution. 

EXISTING DRAINAGE AND SEWERAGE SYSTEMS. 

Before continuing on the scheme itself it will l>e necessary to 
get acquaintance with the existing drainage and sewerage systcans 
of Bombay, their working conditions, methods employed for sew- 
age and stoi’m water disposal and with all such local data and 
conditions which served as a basis for the proposed new main 
drainage and sewerage schemes and led Mr. Mackison to suggest 
and Mr. Watson to recommend this scheme. 

Passing on to the question of the existing drainage and sew'er- 
age systems it must iie pointed out that the drainage of Bombay 
is supposed to consist of two separate systems of drains, one being 
provided for the removal of rain waters and the other for the w*- 
moval of ordinary domestic sewage and trade effluent. However 
part of the rain water usually finds its way into the sewers, thus 
increasing the volume of the sew'age in the sewera under monsoon 
conditions to an extent of about three or four times of the dry 
weather flow* and making the existing drainage system of Bomliay 
in fact only partially separate. .\t the same time many sew'ers ara 
connected with the storm water drains, thus making the whole 
drainage system considerably vrorse than it might otherwise be. 

The Island of Bombay, as it exists now, has been made into 
one from seven separate islands partly by the silting action of 
the sea and partly by human agenc}'. As a result of such forma- 
tion large areas retdaimed from the sen in the central part of 
the present Islaud are lying in a large hollow, at levels below 
High Water mark of the sea, being surrounded by more elevated 
lands all along the shores, where two parallel ridges of low hUls 
are running: one along the western shore from Malabar Hill 
Point to Worli, and the other along the eastern shore from 
Colaba Point to Rion. 

STORM WATER DRAINAGE SYSTEM. 

Owing to such peculiar physical features of the Island upon 
which the town of Bombay stands the rain water from these high 
lands only is being drained by a gystem of storm water drains dis- 
oharging directly into the sea at any state of the tide. There 
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Are no less than 40 of such separate ontlets discluurging eitAer into 
the open sea on the west. Back Baj in the south. Mahim Bay on 
the north or into the harbonr tm the east at different points on 
the shore. The rain water from all the remaining lands which 
are lying below the High Water mark of the sea is being drained 
by a number of different sises of storm water drains all discharg- 
ing into two Low level open channels and the storm water Re- 
servoir near the Race-Conrse. Here it is collected until it is dis- 
charged into the open sea through spetdally provided sluice 
gates at their outlets and which are opened at the time of ebb 
tide and during the monsoon only. During the time of high tide 
as well as during the vrhole dry season of the year these gates 
remain closed. 

One of these Low level channels with nn outlet into the sea at 
•fiovegrove for the drainage of the sonthern part of the low level 
lauds lying approximately between Sandhurst Road and Byculla, 
and another one with its outlet near Worli Point for the drain- 
age of the central anfl northern |>orts of these lands have Itecn 
provided. 

The defects of such a method i>f storm w'ater dis'posal an* 
obvious and being numerous they arc still aggravated by tint very 
defective state of the majority of storm water drains in the City. 
Being in a position to discharge storm w’nter during the ebb tide 
only these low level channels, owing to their unnecessary sinuous 
routes and very small gradients, in certain cases reaching 1 in 
10,000, an? as a matter of fact unable pnaluce the mnilred 
velocities in order to empty themselves to the maximum during 
the short periods of their usual discharge into the sea. They 
remain stagnant under tide locked conditions with the consequent, 
settlement on their bottoms of all suspended matters they carry 
which causes a nuisance to the popnlattm: . 

Mr. Watson in his second report on (he main drainage and 
sew<?rage Hchem«*s n*feiTijig to the existing conditions of the storm 
water drainage of the Oity gives the following description of 
their state: * 

do not exaggerate when 1 say that 1 never beheld storm 
water drains in so foul a state. They have really t>ecome huge* 
uncovered septic tanks in which vast quantities of organic matter 
are being liquified by putrefying or septic organisms. The chief 
cause of this deplorable ccmditlon appears to be that sewage and 
Bullage waters are being disdiarged into them, that large quanti- 
ties of filth and cow dung frmn stables - are being flushed 
into them, and that seplicised sewage direct from septic tanks 
withont auy effort to oxidize it on land or filters is made to flow 
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into lliem tliUN iiioculatin|i<: the lena loiil \vatei*»< in the drams 
with putrefactive anaerobic organisms which rapidly inft^ct the 
whole voliiDH*. Meanwhile 1 would direct attention to the ob- 
struct ion to How in Lovegrove Creek bcftween the sluice gat€M» and 
the open sea. \Vher(?a« the level of the sill of the gates is about 
72.00 T.If.D. the level of the bed of tlie creek varies from 73 to 
82 T.II.D, thus causing iiiiich silting in the storai w'ater chan- 
nel.’^ 

Ah rcgairds the conditions of tJie contrihutary drains and other 
minor fc-eders dlHtriliut<Ml all over the <*ity it must be* pointed out 
tiiat most oj them arc more or less In the same deplorable condi- 
tifuis. 

(Constructed as a rule with very lial gradients soiuetimes 
not covered and of iiiKiifllcient dimensions these drains do not 
possess self cleansing velocities, Ihtis ludiig constantly choked and'' 
very «d'teii oversowing during 4*veti comparatively small rainfall. 
Some of them are very old and having <*onst rucked more than 

nO— 7(1 years ago an.; in a dila)iidated eondition mpiiriiig r(H*oii 
st ruction. They all are badly silted, thus producing only a small 
tli»\v not sntlicieiif to meet monsoon rei|nirenients. 

Most of them an* constructed either of stone masonry or of 
(tricks im lime mortar and are covered wdtli rough [uwes of stone 
slabs locally called ‘‘daplnr’ and had theli* invert plastered only 
at till* time when they were built. 

Along the streets, which have tlieir drains constructed under- 
ground, sloriii water entrances with cast iron gratings of the 
iiNimi type an* (trovided at intervals tif lOU 23(1 ff*«*t. All of timiii 
an* provided with catch pits for intercepting road grit and detrilus 
ami are trapped to prevent escape* of noxious gases from the drains 
into ihe air of the streets. 

The existence of such arrangements i>f trapping storm water 
drains may he explained only by the prese*nce of highly polluted 
liquid flowing in the drains as a result of siillage and sc^wage 
lH*lfig allowed to discharge into them as w'ell as by insufRcient 
\t‘locities of their fbnv allowing the org:iiiic matters they carry 
fo putrify in Ihe drains prior to the liquor reaching the outlets 
iiilo the sea. Tn every properly designed scheme such arrange- 
ments are entirely unnecessary and are even most objectionable 
frtun a sanitary point of view. 

Being for reasons already described provideil with catch pits 
and trapped they are intercepting not so much grit or i-ond metal 
of which they receive very little from the roads of Bombay the 
majority of which are tarcoated or asphalted, but the foul waters 
of the road washings, as a rule always very dirty, thus allowing 
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polluted watera to stagnate in tlie oatcli pits and to provide very 
convenient and hideous mosquito breeding phu*es very v^-idely 
distributed all over the city. In towns like Bombay, whei*e mala- 
ria is an endemic disease tlw^re is no excuse for the existence 
of such mosquito nurseries except for only the reasons statinl. 

Thei'e ai*e in existence about 180 miles of stoi*m waten* drains, 
their sizes varying from 20 feet by 9 fcMd double buri'elled drains 
to 9 ins. circular stouewan* pija^s. Only about 30 — 4.0 miles out 
of the total length of the existing storm water drains are being 
annually cleaned, but in spite of this more than 300,000 c. ft. of 
silt are reported to be reiiioveii annually thei‘efroin. In spite of 
the considerable amount of money which is Udng spent annually 
for cleaning these drains there is still room to dtHsire their more 
regular and lietter eleaning. In 1925-20 about 20 iiiiles of storm 
^ water drains w*ere imported as having Ihhui rleanod ainl 30,713 <*. ft. 
of silt removed therefrom. Besides that also Worll. Lovegrov^' 
and eei'tain other main often ehannels were reported as having 
been cleaned and 350,570 e. ft. of silt wiuv removed therefrom. 


SK WERAt IE SYHTl :M . 

As regards the Bombay sewerage it has already betm stati^tl 
that the major part of the Island, i.r. . the whole area Honfli of 
Blphinstone Road has been sewered nml that the whole nf ils 
scfw'age by a iininber of tributary sewers is being cmiviyiHl to (wo 
main intercepting sewers gravit;iliiig to Lovegrove. 

Besides that the whole sewage of tVdaba district, approximate- 
ly from the Uotel Majestic southwards is at present dealt witli 
on a 8hoiie sectional system, and w'here an Air t 'ompresscir sta- 
tion situated near the old Colton Breen with air inaiiis to the 
live ejectors -ees sewage through rising mains to gravitation 
sc^.wei^s and iinally discharges it into ilie nituu sewer near Welling- 
ton Fountain wherefrom it flows by gravitation to Lovegrove. 

Owing to the peculiar configuration or the Island, already des- 
cribed, sew'age from certain low-lying distriets of the town eait 
not flow by gravitation into the main sewers and in all sncli cases 
i^ being lifted locally, as is done at Colaba, by Kiione ejectors, 
the main Air (Compressor station being situated at Lovegrove. 
E\*entually the w'bole sewage is delivered to liovegrove. After 
passing there through a detritus chainlK^r where both heavy and 
floating mattei’s are arrested and i-emoved by mechanical drcnlgers 
the whole sewage is lifted at Lovegrove Pumping station and finally 
discharged into the ssa through a deep sea outfall consisting of 
two 6 ft. diam. steel barrels enclosed in concrete and projecting 
into the sea for distance of about 2,000 ft. 
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Tlie remaining part ai the Island to the North of Elfdkiuetone 
Boad and North east of Worli channel still remains nnsewered 
although a number of sewers hare been already laid there and in 
such a manner as to fit the proposed new scheme with an ontfall 
at Antop Hill. 

The pumping station at Lovegrove consists of four steam driven 
Beam pumps of 46U B.U.P. for lifting the sewage to an average 
height of 10 ft. and of two centrifugal electrically actuated pumps 
of 1,000 B.H.P. for lifting the sewage to an average height of 2:1 ft. 
The average dry weather flow is at present equal to about 
40,000,0(N) gallons jier day. The two main intercepting sewers 
gravitating the sewage of the city to Lovegrove are about 5 miles 
long, ovoid in section, one being 9 ft. by 5 ft. 9 ins. and the other 
H ft. by 5 ft. 0 ins. with u combined maximum discharge of 
about 100,000,000 gallons per day. They are constructed of 
brick in lime mortar and are plastered with cement mortar inside. 

The tiibutai^ sewers are either ovoid or circular in section 
and are also made of bricks in lime mortar and plastered with 
cement inside. 

As 1 ‘egards minor feeder's they are all stoneware pipe sewei-s 
varying fi.'om 9 ins. to 16 ins. diam., 6 ins. pipes being used for house 
couiiectious only. All sewers are provided at iri'egular intervals 
with manholes of various sizes, shapes and types, are covered with 
heavy cast iron covers and provided with steps inside for inspec,- 
tlon purposes. In view of the continuous silting most of the 
main sewers are provided along their length at the invert with 
catch pits for intercepting sand, ashes and road detritus as usual- 
ly contained in the Bombay sewage. These catch pits being 
emptied from time to time reduce silting of the invert in the 
sewers and provide convenient places for silt remove' through the 
mauholcM constructed over them. 

There ire in existence about 138 miles of pipe sew'ers and over 
20 miles of main ovoid sewers. During 1925-26 about 70 miles 
of pipe sewers were reported to have been cleaned and silt remov- 
ed^ therefrom amounting to 68,291 c. ft. In the same year 16.46 
miles of main sewers were also reported as having been cleaned 
the silt removed therefrom amounting to 26,364 c. ft. Besides that 
daring the same year 76,496 o. ft. of silt were reported aa having 
been removed frran 42 catch pits provided in the sewers. 

DEFECTS OF* THE EXISTING SEWhStAGE SYSTEM 

Both from aaglpeering and sanitary joints of view there Is 
mnch to be s^d agidnst the existing sewerage system 
In general and the method of sewage disposal in partieato. Is, 
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Referring to the present sewerage system of Bombay Mr. 
Watson in his first report saj's : ‘*SjHniking generally the Bombay 
sewers so far as 1 have seen them are well built but I have seen 
sewers constructed of bricks which 1 did not think gcmd enough 
to outlast even a short period loan. The chief fault which 
I have Avith the sewers of the City refers to fiat gi'adieiits and in- 
adequate flushing. The tcmdency for large trunk and intercept- 
ing sew^ers to silt up i-eceived a great deal of my attention. The 
tendency is general and although the managt»inc«nt cleans the 
sewers at intervals the tmideiicy dcK^s not diminish whif*h shows 
that more drastic remedies will have to be adopted. Many il- 
lustrative profiles were submitted to me for examination. They 
have been taken at various times over a long period and they all 
prove that even with reasonable treatment the inclination to silt 
up was very pronounced. It is evident that the faults lay with 
the gradients insuflicient to produce the velocdtic^s necessary to 
carry forward silt.** 

To illustrate Mr. Watson’s couclnsions T shall i*<‘f<*r to Mr. 
Baldwin Latham’s raport of 1892 on *‘The Sanitation td Bombay** 
in which he staters that ‘V>wing to the accumulation 4»f silt the 
rates of inclination of sewage in main hov^twh had been on the 
average reduced from 1 in 1347 to 1 in 2200, a diminution of fall 
whicrli wc»iild alone decraawe the vehicity 4>f fh>w by 25 per cent** 
and that ^*the sewers of Bombay instead of being pnt. tf> their 
legitimate use have been converted inti* underground reeeptiicles 
of d€*eoinposing filth and instead of flowing with an ever moving 
and living stream are silted up with decaying matters giving off 
deadly gases to the positive injury of I he lieallh of the people.** 

And though it w'as written in 1802 it is siillieiently applicable 
to the state of sewers to-day. I have sc*eii myself O ff. dia. si^wers 
wdth silt accuinulatod to a depth of over 3 ft. and with such a 
ridiculously small v<ioc.ity of flow' as only ft inches per scfrond. 

Most of the sew'ers are very old and having been constructed to 
serve the population of the time when they were built ore evidently 
inadequate for the population of to-day increased as it has. At 
the same time some of them having been designed wdtli a carrying 
capacity basc?d on a water consumption s«*arc<dy above 15 gallons 
per head per day as m 1881 have bec,ome entirely inmlequate to 
accommodate the present discharge, when w'ater consumption has 
increased to about 50 gallons per head per day. 

But whatever the causes for the existence of such defects migt^t 
be the results are badly felt every now and then. 

As a matter of fact Insufficient ve1f>cities of flow in sewers 
and their general tendency to silt up are responsible for the In- 
creased putrefactive processes. Their accelerated appearance 

B 18 
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in the flowing sewage, specially intensified in the favourable 
conditiims of high temperature in India, produce gases with the 
most noxious odours poisoning the air wherever free outlet for them 
exist. 

This bad smell is felt particularly at the outfall at Lovegrove 
where over 40,'000,000 gallons on an average of such putrid s^age 
emanating offensive gases is being daily discharged into the sea, 
thus producing sometimes abominable smells poisoning the whole 
of the locality. 

The general tendency of sewers and storm water drains to 
silt up besides other drawbacks indicates the necessity of their 
more frequent cleaning thus involving unnecessary expenditure 
already amounting to not less than Rs. .^,000 per annum. 

Although the length of the sewers and drains annually cleaned 
is small in comparison with the total length of the existing sewers 
and drains of the whole city, the large quantity of silt removed 
therefrom clearly indicates their lack of silt carrying capacity, 
which i-ednces the amount of the silt otherwise to be gravitated to 
the outfalls and there discharged into the sen. 


DKPKOTR OF PRESENT METHOD OP SEWAGE DISPOSAL. 

As regards the sewage outfall itself it must be. pointed out 
that the continuous discharge of crude sewage at all states of the 
tide on the western foreshore, i.e., on the windward side of the 
Island ^is responsible for the contamination of a considerable 
length of the western foreshore by the accumulation of sewage 
deposits on the shore and tainted air of t^s locality by the foul 
breath of the outfall and polluted wutws of the sea. Such de- 
posits can be found everywhere on the foreshore in more or less 
mark<^ quau titles and so far south as Warden Road, i.e., at a dis- 
tance of about 2 — 3 miles from the outfall, but considerably less 
quantities of the deimsits arc to be found to the North of the out- 
faU. 

Accumulation of these deposits is nuirkcdly increasing in 
the shallow bays along the foreshore and is particularly notice- 
able in the l«y at Hornby Vellard, where lai^ quantities of sew- 
age deposits and decomposing sea weed growing at the bottom of 
the bay are clearly visible at every low tide and can be easily 
recognised by the smell they produce. 

The issue of offensive gases emanating from the sewage 
deposits decomposing on the shore is greatly increased at the time 
of low tides when these deposits become exposed to the influence 
of the san*8 rays. 
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The chief cause of the accomulatiou of these deposits on the 
shore is the direction of the existing tidal currents ha the sea on 
the western foreshore of the Island. As will be seen from plate 
No. 2 the directipn of these currents is towards the open sea and 
northwards duiwg the flowing tide only, being all along the coast 
linoMtowards the south for the rest of the time. These currents 
are causing the sewage discharged at the outfall on the ebb tide 
to flow along the coast line and to be carried by the tide well down 
and towards the coast in the direction of Malabar Hill. Only 
flowing tides produce currents which make it possible for the sew- 
age to flow sufflciently far out into the open sea and up the coast 
line. The velocities of these currents are only about one-eighth 
to half a mile per hour, the average usually being greatest at the 
flood tide and the inaximuin higher on the ebb. 

‘ o As a result of such movements of the currents and their 
small velocities the whole of the sewage discharged into the sea 
at the outfall, is moving to and fro along the coast and only during 
short periods of the flowing tides does it flow sufllciently far out 
into the open sea and there thoroughly diffuse itself in the large 
volume of sen. water. 

Therefore the whole part of the sea nearest to the coast line 
is being heavily saturated with the sewagif perpt^iually moving to 
und fro along the foreshore. The line of sewagit diffusion in the 
sea water is clearly visible by the difference of colours of the sea 
surface, this liclng very dark at the part when; sewage is mixed 
with it. It iTpresents n continuous strip on the stta surface about 
2,000 — ^2,500 ft. wide from the shore at the imiiit of the outfall and 
gradually diminishing^n its width towards the south. 

8uch inability of the sea' currents to transport into the open 
sea the whole of the sewage discharged at the outfall causes over 
saturation of the sea water with sewage along the coastal line. 
The purification process of the sewage diffused in the sea water 
thus is diminishetl and delayed dud to the lack of oxygen contain- 
ed in such highly pollnterl sea whaler which is necessary for the 
rapid destruction of the putrcscible organic constituents of the 
sewage. 

Besides that the force of the winds should be considered in 
this case as 'well. As may be seen from the plate No. 5 tlie 
frequency and direction of prevailing winds blowing on the aver* 
age during 260 da^rg in a year from the sea towards the western 
shore are also responsible for tbe accumulation of sewage 
deposits on the shore by influencing superficial currents of the 
sea water mixed with tbe sewage to move towards the coast. 
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At the eame time the force of the prevailing winds blowing 
with an average daily velocity of about 25 miles is so great, that 
it prevents organic matter contained in the sewage diffused in the 
sea water, from rapid sedimentation at the bottoi% of the sea and 
keeps it in susiKUision and under ever moving conditions, thus as- 
sisting its truiiKportatioii furl her south by tlie tidal currCtots. 
There is consequently fouling of a longer portion of the foreshore 
by the accumulation of sewage deimsits at every convenient place 
wherever more or less calm waters in the bays permit their sedi- 
mentation. 

liut the same force of the wind besides its drawbaicks has also 
certain advantage's, it i-elievcs to a considerable extent the 
nuisanee caiiw>d by the altominable smell produced by the sewage 
distsharged and its deposits on the foreshore by blowing tainteil 
air into the atmosphere, thus assisting its rapid dilution by . 
mixing it with large voIiiiik's of fresh air. 

At the average velocity of the pi'evuiling wind of 32 miles i)er 
hour these offensive smells uiMj less felt on the shore and are never 
felt inland further than half a mile or so ft'om the coast. But in 
the absence of wind or even with its diminishfid velocdty inten- 
sity of tlie smell is iisually considerably increased ail over the 
foiH'shore and is felt some t iiiie much further inland being brought 
then; by occasional attnoH)>lierie currents 

At the same time, to the misfortune of the i)eople living in 
the vicinity of the shore, it is noticed that the velocities of the 
wind arc greatly dei'reasing, if not disapiM'aring altogether usual- 
ly at time of low tide's, exactly at the time when their increased 
activities are spc*c'ially rec|uircHl oning to the maximum intcuisity 
of smell at that lime prcMluciKl by the acu-clc^ated putrefaction of 
sewage' deposits ixunaiiiitig uiu;ov<'i‘cd by the sea water on the 
forc'shore. I have my owp testimony based on my seven years* 
stay at Lovegrovc; that at tlie hottest time of the yemr and at low 
tide and with <;alm weather the smell becomes almost unbearable 
and certainly is appalling. * 

For a more complete picture of the existing methods employ- 
ed for the 1 ‘enioral of Inininn excreta and other tilth in Bombay, 
it nmiaius to l)e mentioned in addition to that already described 
that to the shame of Bombay as **UrbB prima in Indis” the most 
offensive system, the Italalkhore system, is still in rogue In the 
Northern uusewered iTart of the City. I do not propose to dcs- 
crilie this system so well known in India, but I shall refer only to 
Mr. Baldwin Latham’s opinion who says : — . 

cannot speak too strongly against such a disgusting and 
unsanitary system ; under it you have the daily accumulation of 
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dangerous organic matter often near or in very close proximity to 
the habitation, then the collection and carrying of this matter 
by men and women w'ho ought to be engaged in some more noble 
occupation am^ again you have the cartage of the material 
through the stresits to the disgust of the sensitive public. By the 
aboMtiou of this system a very large sum of money would be 
annually saved which is now exjH‘nd<.Hl in the collection of the 
ftt’cea of tile |>opulatiou.” 

Those 01*0 the main featun>s of the existing drainage system 
of Bombay with its most charactoristic drawbacks and defects 
of to-day as a result of several unsiic.cessful attempts to gi*apple 
with the drainage problem during the past seventy 3 -enrs. 

But what was admissible, to Isi i>rec.ise only tolerably in the 
past, is no longer permissible in view of enhanced eugineeidug 
hnowletlge and the higher standard of sanitairy it*quireineuts of 
to-day as well ns of thosi^ vast developments and enormous ex- 
pansion of tltc city and its p<»puhttiun w’hich were attained during 
last twenty j-ears. 

Therafore iicarlj' a century of exiM>rienc<t in the drainage pro- 
blem of Bombay and our knowle<lge of already committed mis- 
takes should not be ignored but fnll^' utilisscHl in order to avoid 
their repetition in fntura. Particular attention mnst be paid in 
)%gai’d to all tile details of such inipoiiant'e in tlie <-onditions pre- 
vailing in Boinliay, with its distinctive phy^sical featuras, poten- 
tial growth of the ])opahition, expansion of the ('ity, anguiented 
water supply’ and many other details phiying wery Impoi'tant 
pajrls as deciding factors in the selection of tiiese or other methods 
of sewage disposal, position of the outfalls, direction and sizes 
of various sewera and drains, quantitii's of liquid to be ilealt with, 
their velocities of flow, etc. 

The consideration of some of these factors will now be under- 
taken. 

In determining the sizes of sewers and a pumping station witli 
its relative works, the expected volume of sewage and storm 
waters mnst ls» considered. The volume to be provideil for de- 
pends on 

(1) the maximum flow of actual sewage 

(2) the provision required for further expansion and 

(3) the rainfall. 

The subsoil water should be considered especially on account 
of the conditions prevailing in Bombay, where this water is very 
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high aad i« responaible to a maximmn extent for the malaria no 
prevalent in Bombay. The firat taro queations are closely connect- 
ed with the iwpnlation and water supply of the city and what 
their ultimate tigui*eM are expected to be after, say, fifty or siziy 
years. % 

POPULATION. 

It hfiH ulniady been [minted out that most of the lands of the 
Bombay Island as it exists at present, ba\’e been made suitable 
for liabitatiou us a result of reclamation and development work 
carried out during the last century and especially during the last 
twenty years. 1>ne to the extensive work undertaken by the Port 
'I'riist, 1iii]>i‘oveuicnt Trust, Development Directorate and the 
Municipality large areas of new land have been developed as well 
as new uivas recIniiiHsl from the sea. It is worth wliile noting 
that while in 1901 the total area of the Island was 14245 acres * 
only, it became in 1911 equal to 14755 acres, in 1921 equal to 
15005 acres and at present is calculated to be about 15500 acres 
excluding areas of tiie Back Bay Reclamation scheme which is 
still in progress. 

.4t the same time the population of the Uity has been increas- 
ing more rapidly and while in 1901 according to the census re- 
turns of that year the total population was equal to 7,7G,0(M; 
imrsons it was in 1921 already equal to 11,75.914 and is supposed^ 
to Im* now approximately 13,00,000 persons. 

Tlie following figures are interesting and show' the progres- 
sive growth of the population of Bombay for the last ninety years. 


Year. 

Population. 

1836 

236,000 

1872 

644,405 

1881 

773,196 

1901 

776,006 

1911 

979,445 

1921 

1,175,914 

1927 

1.274.150 


Mr. Watson in his first report writing on the population of 
Bombny states that ‘‘growth of the City is not necessarily a 
natural growth in the sense of its being due to the excess of births 
over deaths. It may be due rather to the fact that whenever trade 
is good there is an influx of w’orkers from the mofnssil, or interior 
of the country.” This is entirely applicable to Bombay, the large 
centre of the textile industry and the most impoiiant sen-port «»f 
the whole India. This may also be proved by the comparison 
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of fifnirei^ showing number of births and deaths and the total popn- 
lation of Bombay for the last fifty-five years as indicated below t — 


Ye«ffs. 

1872. 

UBl. 

iWI. 

1921. 

1926. 

Total population 

6.44.405! 

7.73,196 

7,76.006 ! 

11,75.914 

12.74.150 

No. of births 

<3.135 

16,760 

L^.520 ! 

19.125 

21,068 

No. of deaths 

18.990) 

22.421 1 

59.495 ; 

55,409 

31.994 


This is also evident from the last census when it was recorded 
that only 19.56 per cent of the total population of Bombay are 
people born in this city, while the 1*081 of them arc imuiigrantM 
from various parts of India and foreign countries. 

Geneiullj* speaking it may be assumed tiuit siiict* 1891 the 
IKipulation of Bombay has increased by about 50 per cent, while 
^its average density for the same number of years allowed a con 
Slderably Itiwer incmise lieing 54 persons per acre in 1881 and 78 
persons fier acre in 1921. 

At the same time partly due to the habits of oriental people 
to live <*lose together and partly due to the fluctuating character 
of the population its density in the different paris of the City is 
exceedingly variable. TMiile <*entral districts of the City with 
iheir mill industry and other commercial undertakings are most 
densely populated, their density in ceriain parts being as high as 
|j99 fiersons jier acre in 2nd Nagpada and 736 persons jier acre in 
Kumbharwada, there are districts in the Northern part of the 
Island with a population of 20 iiersons per acre only. 

Although the population of Bombay has nearly doulded since 
1881 and its average density has increased by 24 per cent during 
th6 same number of years, the density of the population in moat 
congested districts remains practicMlly the same and in certain 
cases has even decn^ased as may lie seen from the figures given 
below : — 


Therefore the grow'th of the population during these years 
affected to a considerable extent only the less^ populated districts, 
particularly those in the North of the Island where large housing 
imd land improvement schemes have been launched by the Govern- 
ment. City Improvement Tmst, .Port Trust and the Munic^lity. 


n«nsity of th« popufntion per acre in the years. 


1881. * 

mj, j 

1901. 

1911. 

1921. 

777-5 1 

699-5 : 

598 0 

601-5 

7.56-00 

523 1 ; 

376-1 ; 

551-5 

2167 

260-21 

.S080 1 

.506-2 

.598-8 

481-1 

471-30 

726-4 : 

624-2 : 

472-7 

469 8 

489-70 

558 2 

502*2 

3I8'8 

538-6 

481*69 
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The density of the popnlation in these disti-icts is markedly 
increasing 

Divtricrs 


Byculla 
Parel 
Mahim 
Worn 
Mahaluxmi 

Tlie detcaaniiiiiiitm of Hat expertod popuIsiMoii of the City 
uiid the ultimate figure in fifty years* time 1 h of course a difficult 
problem and <*aii only be surinised ajiproxiniately from the past 
records. This is especially difficult in connection with Bombay’ 
wliere its population is liable to <*onside cable flue t nations 416- 
pending on the state (»f trade sind cmuinerce. All we have at 4>ur 
ilisposal for arriving at an approximate tiital :ire the c*eiisus re- 
turns for tJie previous fifty or sixty years, on the basis of which 
the ultimate figure of the exju'cted population for a similar period 
of years can be estimated. 

In this case, taking into consideration that the [>opulation of 
tioiiibay has for the last fifty years iiicreasiMl by 5b per cent and 
looking at tht* ev4*r'in4*reasing prospi'cts of Bombay in regsird to 
its enorinoiiH (*oiiimer<*ial and trading possibilities as the Gate- 
way of India, it iiiiglit rightly Is? assumed that ihe population will 
be very nearly doubled during the in^xt fifty or sixty years. Tln^ye- 
f4)re the exfWHded population has bemi finally accepted by Mr. 
Watson based on the last census of 1021. to be* about 2,000,000 
persons, according to which figure all tin* calculations with re- 
gards to the propos4‘d new sewerage R4*heme iwv bedng made, though 
the original schmiie had lK>en <’alculatod for an expected popiila- 
tbni of 2,689,750 persons. 

It has already been nientiimed that the flensity of the 
population in the most eongestiMl distri 4 *t 8 has lieen decrens- 
iiig by migration of the population to the newly developed 
4liBtric*ts in the Northern part of the City, Taking into eonsidora- 
tinn all the eircumstanees in4*lnding possible ilevelopments that 
may take place in the most congested districts it may be assuine4l 
that the population of 2,000,000 persons will be distributed all 
4>ver the Island more proportionately than at present and its 
average density may be accepted as varying between 100 to 160 
persons TK?r acre. All particulars in regard to the density of the 
population in different areas are shown in the table No, I. ’ 


Densiry of the population per acre in the yeara. 


1881. j 

1891. i 

j 

1901. 

1911. 

1921. 

29 0 ! 

50 7 ; 

112*6 

147*50 

160*93 

16-9 1 

25-9 = 

60*4 

823 

107-25 

18 8 : 

9*9 i 

21-2 : 

23*7 

31-85 

10 0 

17-2 : 

25*1 1 

49-4 

52-69 

16 9 1 

i 

45*6 

28-1 

40*9 

59-77 
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WATER SUPPLY. 

Water supply beiug the second iuiporlaut fuc4oi' in detcruiiii- 
itig the (‘upui'ities of the sewers and utlier relative works must 

next be considered. 

• « 

As in the case of the population so in this case it is very diffi* 
unit to determine sccnraiely the total quantity of ilic water that 
will be ultimately used by the population of tlie (.Mty at the end 
of the next fifty years. Everything deitends u|>oii the quantity of 
water that ultimately will be used by tlie population |ier head i>er 
day. The difUeulty may lie understcMMl by i*oiii]Mirison of the 
figur«‘s showing actual w’atcr consumption |M>r liemi per day by 
the population of different towns. 


TIh^ folluwiii|v taible 

an i<ltni of 

wator roiiHiiuiptioii in 

weirnnifl towns of tho world : — 

Oal«. per head per dajr 

1 taly 

Itoiiio 

2CHI 

U. S.^A. America 

riiirsi^i 


Sow York 

no 


Ilosloii 

71 

South Africa 

Diirbsiii 

01? 


TMTtoria 

r»7 


C'apo Town 

:u 

('hina 


00 


1 l<iti;;koii^ 

IS 

ICuglaiid 

< >Iahp;ow 

•%7 


London 



L(M<'€*Htrr 

10 

Switzerland 

Clenova 

50 

France 

Paris 

100 

Australia 

Adolaido 

IS 


Oakland 

;?o 

JufMin 

Tokio 

n 



25 

Oei’niany 

IUtIiii 

15 


Premia II 

10 

India 


!I0 


Poinba>* 

50 


Madras 

2S 


s 
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Uatil recently the total water supply of Bombay was a little 
ov«!r 40, two, 000 galH. |>er day adth an average water consaniption 
uf lU.Tt gala. |K*r ln*jnl |m* 1 ' dey iiirlmUng water tiNtMl for industrial 
and uU otiicr puriKtstw. After the completion of Tansa Water 
Works Scheme the water supply of the City increased to 60,750,000 
gills, per iliiy us il is al pit*s«*ii( ainl is i*Htiiiiated ultiiuatel|y to lie 
eiiiial In {W,(NW,IMW gals, per day which is the maximiini amount 
the pn'weiit catchineiit ami of Tansa lake can yield in years of nor- 
iiiul rainfall. 

Tiie total pri’seiit daily consuniplion of 00,7r»0,0<W gals, is 
iH'ing dislrihiited for different piirtMiwrs sis follows:- — 


Huhiirl>8 

2,0(W,tNW gills. 

Milln, fiic'torieM ami othor tradcis 

4,250,000 

ff 

Port TniHt 

1,500,000 

f9 

Itailwaya 

2,(W0,000 

>• 

Govt. propertieH 

1,250,000 

ff 

UinVr«*ii( [Mjlilir purpose's siirli sis Miiiii' 



ripal |jrard(«iis, tiisirkols, slaiij^liMT 



liotisrs siimI oOior pitrposrs 

4,2r»0,0IW 

ff 

Milch shililcs, private liverii^s siiid 



coiiiiiiiHsioiiB 

1,0<W,000 

ft 

Uuce Course, llotelH 

1,000,000 

ff 

Jliiildiiig purposes 

2,500,000 

ff 

Total 

20,7r>0,01W 

*« 

i*iirely tioiiiesiir iiurposes 

45,000, OIW 

f V 

Grand Total 

06,750,000 

ff 


With tilt! population at present of alwiit 1,3(W,0(W the average 
consauiptiou is thet*efore about 50 gals, jier head tier day which 
quantity is considered adequate to meet all presmit needs of the 
population including industrial and all other reqnirements. 

It is not easy to say also what water supidy can be n^rdtsl 
as ** niirmnl,” os iditas in this r(*s|iect differ widely in various 
eountriis*. In certain towns 16 gallons |ior head per day satisfied 
the demand wdiile in others two or three times that amount might 
^he aeconnted for by more lavish use of water. Generally speaking 
the quantity of water used by the i»opulation depends on tiie 
climatic conditions of the country, the habits of the people, their 
standard of living, the industries in which people are employed 
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aud the amount of waete water common to every water aupply 
i^ystem. 

Mr. Watson in his first report says : ‘‘I venture to say that in 
future it will be found that a supply of not less than 50 gals, per 
head tier day is quite justified in a country where the daily and 
nightly temperatures prompt the use of water for bathing and 
other purposes; at the same time I am convinced that with goml 
management 00 gals per head per day is snflieient for any 
community and 1 do not exclude cither Chicago or New York 
provided adequate means are taken to check ivaste.” 

But the water consumption is not equal throughout the 24 hrs. 
and being a minimum at night it considerably increases daring the 
day. At the same time it is not eqiuil during the day being the 
heaviest between the hours of 0 and 0 in the morning and 5 and 8 
•ip the evening when it reaches nearly 75 per cent of the total 
daily consumption. 

KAINPALL AND “RUN OFF.” 

The rainfall being another important factor in the design of 
any drainage system will be considered now. 

With regard to the determination of the sizes of storm water 
drains for the volume of storm water to Iks provided for tins 
volume of rain that falls in the shortest period of time is a uiat.tor 
of great impiortance and must lie considered. 

This, of course, is a matter of opinion but much can be done 
by careful study of the rainfall I’ocords over a sniliciently long 
pei^od of years with special ifgard to detcmiining the iiiaxiitiuin 
rate of the intfmsity of the rniiifall which can safely be accepted 
without exciteding the critical economic Itasis. 

From the ivcords of consistent and CxUitinuous observations 
of the rainfall dunng a period of 78 years corritsl out by (kilaba 
observatory in Bombay much useful infoi'matitm has been gathcn*d 
by Mr. Watson and siiinmarixcd in tables Nos. 2 and 3. 

, Table No. 3 shows that the aver.'ige of the maximum hourly 
, rainfall fov the last 30 years is 1.76 inches and tlie average of the 
maximum daily rainfall is altont 6 inches. 

The maximum hourly rainfall was 2.91 inches on one orx*asioit, 
over 2.5 inches on four occasions and over 2 iiicbes on nine oc(«~ 
sions for the whole period of the last 30 yea.rs. 

Such rates of rainfall being exceptional cannot Ite taken into 
consideration. Leaving out of consideration all the maximum 
rainfall records exceeding 2 inches |»er hour the average maxim nm 
hourly rainfall will be only 1.52 inches. Although there Itas been 



i.4H TIIK INSTITI TION OV EKOINEEFW |1ND1A>. 

rainfall of kui'Ii iiileiiHity nearly every year, having been recordcjd 
only on a few oceanionH not c^xceeding tw^o or ihi*cc times in a year. 
Much ilata nlionld not l>e taken as deciding factors in the determina- 
lion of the wizes of ntorni water dniins. 

Mr. WalHoii writing on the rainfall of Tlonihay says in his 
tirst repoH : **Figiires like these lead me to say tlial tlie rionihay 
dnilnage. system should he provided for ind l<*ss tlmu one inch (nt 
hour of rainfall over tin* area served or rather more than thiw 
tiiiieu the provision made by Loudon where a raiiufall of over lA'" 
per hour has Inhoi n^gistet'i^d and where the aliow^auce is less than 
one third of an inch per hour over the ai*ea served. In face of 
these tigiires it is wise to provide as many area units with direct 
storm water onllets as is coiivenicntiy possible and to antieipafc^ 
iiitelligvoilly the nature of the siirfaees — pa-ved or otlno'wise — on 
which raiji will fall when the ni*<5a is fully built iip.^’ * ^ . 

Having now deeided Ufam the most important point, that of 
the rate of rainfall to be. allo>ved for, the estimate of the ^*ruii off’' 
into the proposed drains ninst he considered. The faet is that the 
largin* the area to be drained the less is the ratio of “run off” to 
the inuxiiiiuiti rate of rainfall allowed for. 

At lliesaine time llie nion* the area is |>aved and built up the 
largcu’ will be the rainfall dischargiMl into the drains, i. e., the 
greater will Is* Hie ratio of •*riin off” to tlie rate of rainfall allowed 
for and the reverse. 

Taking into consideration ail the local conditions and expe<*t(Hl 
developments of the CMty it might be assumed that most of the 
CMty’s areas wdll be paved and built up within the next lifty — sixty 
years; thus leaving as un[Kived only areas occupied by gardens, 
open spacers, play grounds and yards of houses. We may assume 
that at least To per c<*nt of the remaining areas will lie built up 
and paved. In ae4*ordaiiee with thest^ conclusions and with the 
help of Jliirkli'/eigler's forniiila a diagram has bc^eii computed 
— Plate No. (S-“ for the <*xpected **nin off” from the diffeiiuit sizes 
of areas and in the conditions of a fully developed Bombay with 
a maximum intensity of rainfall of I inch per hour. 

PRt>VLSION VOll RAIN WATERS IN SEWERS. 

Having oldainiHl all the data with regard to the expe<*ted 
population, and its density and quantity of water to he 
used, the volume of sewage expec^ted to be dealt with can lie 
calculated. Generally speaking the volume of sewage should be 
regarded as not less, than the quantity of water supplied to the 
Oity, which as it has alirady been stated has been estimated In 
the case of Bombay to be not less than 50 gals, per head jier day for 
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jeai-s lo foiiit** The iiievitiible dhiiiiAUtum in the voliiiiie of Kewnge 
as compai'ed with the volume of water eousuiued^ owing to 
natural causes such as use of water for drinking purposes, 
evaporation etc., is negligible, the defect being made up by the 
percolation of subsoil waters into the sewers specially noticeable 
when new sewers are being coupled with an old sewerage sj'steiii. 
Therefore an allowance for the inliltration of the subsoil water to 
the extent i>f 15,bOU gals per mile of the new sewers has been mu4le 
ill addition to the expected volume of the dry W'oalher tlow of 
sewage. 

But, as it has already been pointed out under mousoon condi- 
tions a certain part of the rain water liiids its way iiito the sewers, 
thus increasing to a considerable extent the volume of sewagi'^ to 
be convened by tlieiii during the nionsoou. Besides that the rise 
• iji the level of subsoil water under luonsoon conditions is alsti 
respoiibible to a certain extemt for the increased volume of sewage 
at that tliue pf the year by the more intensive percolation into the 
sewer under ui<*iH‘ased ]iressiire owing to the subsoil water’s higher 
level. 

Wilh the evidence of hu<!li conditions Mr. Watson eonsldei*ed 
it necessary to I'sliinate the niaxiiiniin volume of the sewage to 
provided for in the new sewers to be i^qiial to four times their dry 
Wf-atlier How of 50 gals per lieail per day, i. e., at the rate of 200 
gals, per li(*ad imm* day of tludr iiiaximniu flow. On this basis ali 
the ealcii hit ions for deterniiiiation of the sizes of sewers and other 
redalive works has Is'en made in the new proposcMl sewerage* scheme. 


VKLIK^ITIKS OF FLOW. 

TIm* main object of every drainages system is the removal and 
disposal of the storm >vat<*r, soilage watiu* aiul sewage pro]ier as 
expeditiously as possible and in a iiiaiiuer so as not to cause any 
appreciable nuisance. Therefon* the qiiesliou of the vehKdLies of 
flow required for the quick i*emoval ot stowage and storm watei^ as 
well as of the methods to be adopteef for their disposal ai*e very im- 
portant factors to be di^cided upon. This liccomes specially im- 
portant ill hot iMmiitries like India as it is evident that the more 
specMlily tliese are removed the lK*tter it will be for the health of 
the iieopJe. It is generally re<rognizcd^ that all the sewers and 
drains should Ik* constructed with such gradients as will prodiic.e 
self cleansing velocities of flow required for rapid removal of all 
their contents withoiif silting op the invert. 

In this j*espect more than half a century^s experience of the 
Romhay drainage system is very educative and valuable for the 
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proposed new drainage . scheme of Bombay as w^ as for any 
other to be undertaken in India. 

As it has already been pointed out most of the existing sewers 
and storm water drains of Botnltay are being continuously silted 
up as the velocities ara insufllciont for the rapid removal of the 
amount of solids usiially contained in the sewage and storm water 
(»f B(»mbay. In the majoi'ity of cases ttie velocities of flow ats 
obtained by measurements of the actual flow rarely exceeded 2 ft. 
fier sec., even in the most favourable conditions of flow* and were 
usually much below this figure in more or less normal conditions 
of their flow. In <«srtaln cases they waclied even the ridiculously 
low figure of only 8 or 9 inches per sec. 

The velocities obtained by actual measurements after being 
verified by the hydraulic formulae proved that with the inverts 
tmnstructed some higher velocities should Ite obtained tlian those ' 
at'tiuiilly measured and on no account so low us was the case. 
Hnch differences between the theoretical velocities and •those obtain- 
ml by actual ineasurenKmi are explained by the fact of heavy 
silting of the inverts, thus to a considerable extemt i^educing the 
rates of their inclination and consequently mlucing velMtities of 
the flow, as well. Moreover it l»ecoines evifleiit that the vcdoi*ities 
for which Uiese drains were originally designtHl and constructed, 
are nothing like siifllcient for the conditions fM^rtaining to Bombay 
sewagit, whit'll as a rnl(> contains abnormally large <)nanti1.i<‘K of 
heavy solids and requires much higher velocities if a stdf-cleansing 
effi>ct is desired. 

In consideration of all these facts Mr. Watson suggestctl 
higher velot'Jties saying that he is ** sntislit'd that the velocities of 
flow should he at least ft. |ier sec.”, that the Kntter’s formula 
slitnild lie uh<h1” amt that the co-efficient of roughnt^ (n) should 1k> 
taken at O.OlIi. Tlu'refint* in all ctih'ulntions of the flow' in s«*wers 
and stxM'in water dnvins (he 4*o-efllclent of roughness has Ihs'ii 
atM*epted for 

Stoneware pipes above 15' diani. ... ns^O.OIS. 

,, ,, lielow 15' diam. ... n^O.OlO to 0.011. 

Itemmit plastt^r ... ... nsO.015. 

COMIHISITJON OP THE SEWAGE. 

For the pnipose of deciding the methods of sewage treatment, 
if any, to be adopted, and for many other purposes the composition 
of the sewage has to be considered. 

The difference in the composition of the sewage at different 
places may tie as great as that between milk and writing ink, thus 
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involving a sp^iai consideration in regard to ite strength. This 
is specially im|M>rtant when scmie kind of inewage treatment is 
rcqairod before the resultant effluent is discharged into the watei-H 
of a stream as is the casc^ iii Bombay. For the puri>ose of 
expressing relative strength of different sewages various alterna- 
tive standards of the emui^ition have been suggested and the one 
adopted by the Ministry of Health of Englainl has lieeu accepted 
as suflBcient guide in determining the strength of the sewage. 

The Ministry of Health characterise the strength of the sewage 
by the c]iiaiit!ty of oxygiMi ahsorbed from strong iK«i*iiiangiiiuite in 
4 hours at SO® Fall. 

Thus Htrong sewage absorbs 17 to 2.% [Mirts per lOO^CMHi 
Average „ „ 10 to 12 „ „ „ 

• eak ff .y 7 to S ff 

At tlie same time the composition of an averages sewage in 
England as given in the report of the River IVdliitioii OoiiiniiNHioii 
is as follows : — 


Piirts per lIMbWHl 


SolidH ill HiiK]H'n8iou 

... 

... 41.C0 

Tottil Holids 

• • • 

... IJC.OO 

Oxygen aliKorlicd ... 

* * * ^ 

... ll.lMi 

Free auimonia 

•V 

6.70 

.Mbnminoid auimonia* 


' ... 0.03 

’ Tlie imriiculaM'M given lielow hIiow nii 
Hewage of Bomltay. 

iiiiulyHiH of (lie i.,v[ii<-ul 

Par(» i»er 100,000 

Solids in susiiension 


... 41.60 

Total solids 

« « • 

... 240.20 

Oxygen absorbed ... 

#0 • • • 

0.28 

Free ammonia 

m m m 

3.07 

Albuminoid amiiiouiu* 

« « • 

0.77 


From the comparison of figures of oxygen atisortM>cl it will be 
seen that the Bomliay sewage may be regartled us a wisak sewage. 

As it would lie natural to exi>ect, the habits of the people 
influence the character of the sewage they produce. Sewage in 
India contains less offensive nitrogenous matter than mwage in 

^Sitiinstsd by tskiDS 3/7 of tbo ory ante nitrosoa. 
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EuroiM!, due jicrliapt) to Uie vegetarian diet of ttic iHiople, and there 
is less grease and less urine in Indian sewage. 

From the t;om]>ai‘ison of the quantities of solhls it will 
noticed that Bombay sewage contains more than double the 
quantity of solids usually found in the sewagi; in Euruis*. 

This can easily be cx|dained if we reeolleet that a nuinl»er <*f 
the storm water drains ail over the city and |>articularly open 
drains are connected with the sewers, thus delivering into the 
sewers together with rain water, snllagc and sewage prop«?r, very 
large quantities of grit, metal and rotid sweei>irgs. Besides the 
habit of tlie pco]de in linlia to ust' siind for elcaning tiadr bi*ass 
kitchen utensils is also in a great luc.'isnre responsible for such 
large quantities of sand Iming found usually in the sewage of this 
country. 

PBOPOSEH PLAUE AND METHOD OF SEWAGE DISPOSAL. 

From the pi*evioiiH statements it will lie seen tliat the total 
daily quanlily of sewage to Is; dealt with from the expectefl 
population of almiit 2,000,000 persons and at the rale of 50 gals, 
per head jter day <»r the scw'uge dry weather flow can l)e cstiiaate<l 
at not less than 100,000,000 gals, fsjr day of D. W. F. or four times 
that amount, i.e., 100,000,000 gals, per day tiinba* monsoon 

conditions. 

The necessity for the disposal of snch an enormous volume of 
sewage leatls to the question ns to how and where it can best be 
arranged. 

The piv-stmee of an already existing sewage ontfall ,al 
Ijovegrove uniuraHy leads to the question whetJier tliis iMitfall enii 
lie utilised and if so what method of sewage disposal should be 
adopted, if any. 

From the cxmsideratioii of the wliole case already stated almnt 
ibe existing Tjovegmvc ontfall it is evident that the discharge of 
more than a double quantity of enidesew'nge into tlie sea will lead 
to the imniineiil and entii’c pollution of the whole wes^Tn foreshore 
and moreover w’lll lie absolutely criiniiiai, being detrimental to the 
liealth of tlie population rasiding in its vicinity. 

The great developments and improvements that liave ali'eady 
taken place in this imrt of the Island and those possible in the 
futni'e will transfoimi this locality into one of the most desirable 
and salubi'ions residential ureas of the city, thus makiii g the 
presence of even the existing ontfall, not to speak of any increased 
discharge or any pnrification works in this locality with their 
nsnal nnlsance, most objectionable. Moreover there is not available 
a sufficiently large area in the vicinity of the Pumping Btatioa, 
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unless at prohibitive cost, for purification works as will be 
required if preliminary treatment of the whole city^s sevirage before 
its discharge into the sea is to be adopted. 

Further extension of the existing outfall into deep sea waters, 
besides the prohibitive cost, in no case may be considered as a 
sufflciont measure to eliminate the nuisance <*iiUMed by the sewage 
discharged into the sea even with the present coinpani lively siiiall 
volume of sewage daily discharged there. Therefore the question 
of utilising Lovegrove outfall for the angnieiiti^l sewage dis<*luirge 
cannot in any case be accepted as an adecpiale solution of the 
drainage problem. 

Assuming even that there will la; no objections whatever on 
the practical grounds there are objections on sentinieiital grounds 
and they will remain so long as any sewage works and outfall 
•remain at Lovegrove. No matter on what grounds tliese objections 
are raised as long as they exist and are expressed in ru]>ees lost by 
the Iiiiproveiqent Trust on the development srheines at Woiii for 
lack of land buyers, there is ample reason to remove tlie existing 
sewage outfall at Lovegrove w'ithout taking into consideration 
any further extension of s<*wage works there. 

c'olaba is the most suitable plaee for the diseliarge of sewage 
into the sea. Although tliis outfall has been recMun in ended on 
several oo<*asions by eompetcuit aiitliorilies, it <*ould not !>o 
aeeepted due to the constant objections raised by tin; Military 
authorities ami the Cioveriimeiit^s refusal to grant periiiissiofi to 
this seheme. ^ 

The selection of the C^olaba ontfall, if smdi a seheme can lie 
adopted, will not be feasible in tlie present, eonditions of an 
expanded City in general and a thickly jiopulnted CVdaba ))eiiitiHu1a 
in particular. The position of such an outfall situated at tlie most 
southern extremity of the Island will prevent permanently any 
possible extension further North of the system it serves, as may 
arise at no distant date in connection with the necessity to 
dispose of the sew'age from such suburb.^ as Bandra, Ghatkoper, 
Santa Cruz, Kurla and Chembur. 

There w-ould also be no opportunity at Cola ha to provide a 
snflleiently large and isolated area for any purification works 
required for such a large volume of sewage to be treated before its 
discharge into the sea. 

Therefore only crude sewage can be discliarged tliere and 
although sewage might go away rapidly and would not easily be 
returned to the shore owring to the favourable currents jirevailing 
in the sea at that place, the foreshore and the sea would not be 
free from the solids floating on the water and deposited on the 
shore. 


B ao 
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But the most important point to be considered is, R Golaba is 
selected as a place for the whole City’s sewage outfall, a lar^ 
amount of money will have to he spent in lifting and relaying in 
another direction all the existing sewers at present gravitating to 
l^>vegrove. The complete occupation of the whole of the eastern 
foreshore of the Island l»y the sea l>ome trade and shipping industry 
with their numberless docks, warehouses, railway lines, oil 
storage tanks, workshops etc., etc., does not on any account 
permit the possibiftty of providing sewage outfalls in this locality. 

The northern part of the Island with its small and shallow' 
Mahim Bay in any t^ase cannot be regarded as a suitable place for 
(he sewage outfall even with a small discharge into it. 

The most careful considerations of the problem as a whole and 
of all the circumstances taken together led Mr. Mackison to 
suggest as the best, and in fact the only available place for the 
sewage disposal, a site on the North Enstem side of the Island witli 
the Pumping Htatioii niid all relative purification works at Antop 
Hill with a sewage outfall towards Tromhay for the discharge of 
the clarified effluent into the harbour water. The selection of 
Antop Hill for the Pumping station and the North East of the 
Island for the discharge of the sewage effluent into the harbour 
has been influenced by the desire to eliminate to a maximum degree 
any potential iiuiMiiK'c that might arise from any sewage works 
and by the possibility, in this case only, of disjMtsing of the whole of 
Bombay sew'age in a most satisfactory and economical manner 
withgnt causing any injury to the amenities of the city and its 
harbour. 

Writing on this proiiosal in his first report Mr. W'atson mys 
that : ‘‘taking all things into account I am satisfied by the facts tliat 
the sewogt! is taken right away frtnn the Island of Bombay ” and 
that “ on examining the problem aa a whole I am convinced that it 
is justified and that it will form a permanent solution of the 
question.” 

The position of sewage works at Antop Hill has an advantage 
in addition to many others, of being the most convenient place for 
any sewage treatment that may be required before the sewage is 
discharged into the sea. Far away frmn the populous districts of 
the City with ample land available for any sise of purification 
w’orks and w’ith the , direction of prevailing winds from land 
towards the harbour, the selection f>f this place gives ample 
justification and any nuisance that can reasonably be expected will 
be the smallest at this site. 

The dlschai^ of sewage effluent into the deep harbour waters 
vrith their strong tidal currents towards open sea gives full 
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Rg 3 ura<iioe that the proposed rolnme of sewage effluent discharged 
here will be rapidlj diffused in the enormous volume of the harbour 
water refreshed to some extent at every flowing tide. 

At the same time any possible expansion of the City’s popula- 
tion in future even lieyond the proposed rate and the necessity of 
providing an outfall for the sewage to l>e received from the sub- 
urbs such as Bandm. Santa Crus, Eurla, Chatkopcr Chembur and 
others can easily b(‘ met at the place of the proposed works at 
Antop Hill, being most central to all tliestr suburbs with vast 
possibilities for its further extension. 

Moreover being sufficiently near to Deonnr, where large 
areas of low lying grounds are Iteing at present i-eclaimed by the 
Mniiicii>aUty with the City’s refuse, the puriflcation works at 
Antop Hill will be provided with an easy means of disposal of the 
•\^hule amount of the sludge they produce by utilising it as a liquid 
fertiliser on the Municipal Fai*m at Deoiuir. Tu this case, the re- 
sultant sludgp may iMi pumped from Antop Hill and delivered 
through the lupes to Deonar. 

TREATMENT OP THE SEWAGE BEFORE ITS IHSCIIARGE. 

These are the chief reasons that lead Mr. Mackison to sng- 
grwt this place on the Island for the disposal (»f the whole of the 
City’s sewage. As the proiiosed disposal of such a large volume of 
sewagt* b}' dis<*barging it into the harbour rctfuires some kind of 
sewage treatment before its discharge the method to be adopted for 
it has to lie considered. 

''It would 1)6 ideal to render all the sewage of Bombay Inno- 
e,uou8 and to make it like clean water in appearance befon; it was 
allowed to enter the sea, but such ideas 81*0 not practicable when 
dealing with a popnlation of miilionB. It should 1 h' clearly 
understood that treatment must be made sufficient and only suffi- 
cient to w'arrant the sewage being disc'harged into an immense 
harbour like Bombay” says Mr. Watson. 

The most careful considerations •of all the conditions connect- 
ed with the sewage discharge into the harbour and all possible 
methods for its treatmmit led Mr. Bfackison and Mr. Watson to 
the conclusion that the separation as far as possible of the sus- 
pended solids contained in erode sewage by means of screens and 
upward flow sedimentation tanks, before allowing the sewage 
liquor to he discharged into the harbour waters, will produce an 
effluent sufficiently tonocnons as not to cause any pollution of the 
harbour water. 

8tt<di effluent being discharged into the harbour at all states 
of the tide will be easily diffused in the large volnmea of clean 
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tidal wateni flowing to and out of the harbonr and ultimately will 
be transported by the existing currents far away into the open 
sea. 

Professor W, E. Adeuej in his first report on the proposed 
sewage disposal by dilution states that “the iiiiniuium dilution 
which w'oiild be afforded by the Avaters of the harbour is over 2,000 
volumes or roughly ten times the minimum dilution volumes re- 
comnieiidtMl by the Royal Commission of sewage disposal in Eng- 
land for tidal waters.” 

Besides the cfltiient otttaine<l after such treatment as propos- 
ed should not c-ontnin more than 8 or 9 parts per 100,000 of light 
and finally divided solid matter in siisiwnsion, i.r.. in fact there 
will Ik* no more solid matter in the cflluent than there is in tlie 
avei’age Avater siipitlied in Bombay. 

The efliueiit clarified to sneli an extent as proposed being* 
amply diluted in clean harbour witter wiM readily undergo its 
natural biological piirificative process protinced by the action of 
myriads of minute organisms always present in such water and 
collectively termed the “plancton” of the waters. 

In conditions like these the quantity of dissolvcnl oxygen con- 
tained in the sea waters will lie always In ex<*eas of the sewage. 
W'hich is the most essential factor for the continin*tl and healthy 
activities of the planclon organisms, f.c., for the i*apid destruction 
of the putreseible organic constituents of the sewage matter, and 
their conversion into harmless, inorganic matter says Prof. 
Adeney. 

The resultant sludge collected in the sedimentation tanks at 
Anto)) Hill will lie pumped to Deonar where the whole of the city 
irfuse is luw being depositeil on the low’ lying lands and it will 
then be dug into the reclaimed land and mixed with the kntchra. 
thus producing good arable land for cultivation purposes. 

At firesimt only part of this land has been utilised being i-nlti- 
vated with success under different crops such as Indian corn, 
brinjal. poprie and jowari. 

The length of the sludge main, probably a 12 inch cast iron 
pipe, will be about 5 miles and the quantity of sludge to be con- 
veyed daily wdll be about 250,000 gals, per million of population. 

GENERAL OUTLftlE OP THE PROPOSED SCHEME. 

The works at Antop Hill will comprise a Pumping Station for 
lifting sewage to the level required and of a series of specially de- 
signed upward flow sedimentation tanks with screens, detritus 
tanks and othm* Mlative works, mie average lift of sewage will 
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be about 30 ft. The total area of laud required for the work ait 
Autop Hill will be about 100 acres which will be ample to acroiii- 
modate aU the plant it is proposed to instal there. 

The pumping plant will be divided iuto four batteries ea(*h 
eapable of dealing with the dry weather flow. Each battery will 
consist of thi*ee pumping sets to lift aliout 34 million gallons each 
per day. The power requiix‘d w'ill be alnmi 500 B- II. P. for each 
pumping set and the pumps will Ih' electrically actuated. 

With regard to the sewerage system itself designed to con- 
vey sewage from various parts of the city it is proposed in conti- 
nuation of the existing two main sewers at presinit gravitating 
to Lovegrove to lay a new' nuiin intercepting sewer with a capa- 
city at their junction adequate to pick up the volume of si'wagc 
^etjual to twice the dry weather flow of the stowage to be received 
fl'oni tilt* central part of the city with an art*a of about 4,3.50 
at'ifis. 

.Viiy quant i(3' <»f sewage in excess of that I't'ceived under mon- 
soon conditions w'ill lie diverteil to the existing Lovegrove I’ump 
ing Station and there will bo pumped through the existing mit- 
full into the sea. 

This new' main intercepting sewer commencing at Lovegrove 
will run northw'urds along Tiilsi Pipe Line Hotid to a point be- 
tween Dadar and Matunga and then turn eastwards to Wadala 
and Antop Hill. The sew'age from the whole of the w'cstern and 
northern districts of the City including Wnrli, Mtihini, Dharavi. 
Sion, Matunga and Dadar will flow by gravitation to ibis main 
intercepting sew'cr. A second main intercepting sewer will Ik* 
laid of siifllcient si/.e to receive sewage from eastern part of the 
city including the Harbour, Back Bay lieulnnialion and f'olaba 
as far north ns Church (late Rti’cet. This sewer commencing at 
Wellington Fountain will run abing Frei*e Road and Reay Road 
thence approximately jairallel to tbo llarlioiir bmneh railway 
along proposed new roads, joining the western liilereepting Hew’«*r 
near Wadala. 

With the (;onstructinti of ibis inuiii iiifttrcepting sewer the 
necessity for the existing Rhone cjiictorH system in that part of 
the city with its costly Air (Compressor Rtation at Lovegrove. 
troublesome ejectors and leaky air and short lived rising iiniins 
will tie entirely eliminated. 

The present Rhone ejector system at Colaba is not in the 
meantime to be disturbed but the policy of gradually siibstitntiiig 
it for grantation sewers is recommended ; it is proposed to gravi- 
tate all sewage from Colaba to one pump well near Wellington 
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Fouutaiu when it will be lifted by electrically actuated pumps 
into the southern end of the eastern main interc«pting sewer. 

These are the main features of the proposed new main sewer- 
age schemes. 

As regards the proposed new main storm water drainage 
scheme it must be pointed out that the main feature of this scheme 
is a proi»osal to gravitate the storm water to one centml place at 
Lovegrove to which plat^e the Worli-Dadar channel and that from 
Ualnes Road are to be diverted and to pnmp it into the sea at the 
time of high tides. At the time of low tides storm water w'ill 
flow in to the sea by gravitation or may be syphoned. Hnch 
arrangements will permit of the discharge of storm water into the 
m‘a at any stale of the tide thns minimising the possibility of flood- 
ing in the city otherwise unavoidable in the pi*esent conditions of. 
disi;bargi' by gravitation through the sluice gates at the tirnV 
of low tides only. 

* 

A new' Pumping Station will be erected on the foreshore at 
Lovegrove for the lift of storm w'ater that has to be discharged 
at the time of high tides. The total area that w'ill be drained to 
Lovegrove is about 3,800 acres with a maximum possible dischai’gf; 
at Lovegi'ovji of almnt 3,700 eft. per sec. or 1 ,458,0(K),000 gals ini' 
day. For the lifting of this volume of storm water there will be 
a pumping installation with electrically actuated centrifugal 
pnm|»s of about 3,000 B. H. P. The maximum lift will be 12 ft. 
as against high water extraordinary spring tides with sea level 
at 88.43 ft. above T. H. D. The normal lift for the maximum dis- 
charge will l>e about 6.6 ft. 

All the existing main oj»eii drains un* to 1 m‘ i-econstructed, iv- 
grodtHl and covered in. Part of the existing open drain b<*tw'eeii 
Elphinstone Road and Worli outlet at iMevcland Bunder will lie 
abatidoucd and a new covered coucivte double barrelled storm 
water drain running from Elphinstone Road along Tulsi Plp<‘ 
Line Road direet to Lovegrove w'lll be substituted. 

On its I'onte to Lovegrove at the crossing with Haines Road 
this drain will intercept the discharge from the drain running 
along FTaines Road from Jacob Circle and Anally will join at Love- 
grove another drain coming from Bellasis Road. 

w 

The total cost of both proposed schemes is about Rs. 3.00.00.00(1 
as it w'as roughly estimated at that time. The most careful con- 
sideration of all these proposals led Mr. Watson to give his entire 
approval to them. '''Speaking generally, I can and do snpport 
(he scheme which yonr Bxcentive Engineer had laid before the 



EMMAK17KLOV DRAWAtiB PROBLEM OF BOMBAY. ir4> 

Municijiality. It ia in my judgment a br<MWl>minded and far* 
aigbted acbeme wliich repreaent permanency,’’ saya Mi*. Watson 
at the conclusion his report. 

At the same time Mr. Clayton, Munli*ii»ai Oommissiouer when 
submitting these proposals, together witli Mr. Watson's I’ejwrt 
on it, for the approval of the Municipal ('orporation, at the end 
of his report says : — 

“The Corporation are, I think, greatly indebted to the Oov- 
emment of Bombay, and the India Office for assisting in securing 
on their behalf the services of so eminent an Knginet‘r as Mr. 
Watson of Birmingham and one possi^ssing such unique and world- 
wide practical experience in the design and construction of large 
sew’age disposal w'orks, to advise them witli rttgard to the Boinltay 
scheme and it is very gratifying to have his iinqiialitled approval 
> pf the proposals and to be assured that the scheme os designed, 
will, if given eifect to, result in a successful and iterinaiient solu- 
tion of the l^omhay s«>werage and drainage proideins.’' 

FATE OF THE Rt’lTEME. 

It seems to be that so broad-minded and far-Kight«>d a scheme, 
ns Mr. Watson rightly calls it, ought to Is* tiie closing chapter in 
the. history of the Boraliay drainage problem at least for many 
years to come, so fully does it emiirace all tin* needs not only of 
to-day, but also of a distant future. 

But it is not so and the wheel of history is still turning leav- 
ing the drninng«‘ problem of Bombay unsolved and a large part of 
the City without the much needed drainage. 

In view the ftroposal to discharge sewage edluent into the 
harbour and the magnitude of the s«'hcme. the Corporation con- 
sideitsl it necessary to obtain further expert opinion so, as to 1 m* 
thoroughly siitisfied that the present proiiosnls i*epn*sent more or 
less a permanent solution of all the presc-nt difficulties and will 
<‘nnse no serious pollution to the waters of the TTarlmur and any 
nuisance to the population of the efistem shore of the Island. 

Accordingly in 1921 the services were secured of two eminent 
scientists one of them being Dr. W. E. Adeney D.Sc., Professor 
of Chemistry, w'ho is the foremost bio chemist in England at pre. 
sent and has had great expcrienc.e in the effects of the discharge 
of sewage into the sea. the other being Mr. O. B. Kershaw*, 
who for 12 years has been engaged as engineer of the Royal Com- 
mission on sewage disposal in England. 

At the same time the Chief Engineer of the Bombay Port 
Trust submitted his critical report on the proposal to discharge 
sewage effluent into the harbour and the Trustees of the Pori 
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Trust being vitally interested in the future prospects of the har- 
bour and its aiiieuities and not satislied with the proposed scheme, 
had arranged to obtain opinions from two experts to be nominat- 
ed by the PresIdeiiL of the Institution of Civil Enginwrs. In 
response to this request Sir Maurice Fitz Mauri<'e and Mr. G. W. 
iltiiu]>lirey were iiominatiMj. 

The Municipal ex]>erts and the Port Trust experts in submit- 
ting their respective reports on the points raised differed in their 
opinions as to the feasibility of discharging the elTIueiit into the 
harbour In tlie volume proposed, the Port Trust experts opinion 
being against i1. Put the Municipal experts fully concurred 
witli all Mr. Waitsou’s rwomnieiidations and only slightly 
modified them by the suggestion to discharge effluent into the har- 
bour al Kurla (/reek, i.c., much nearer to the proposed works at 
Anfop Hill. 

They considered this place as (he most suitalde with regard 
to the possibility of obtaining there, more intensified effect of the 
natural biological process refpiired for (he (*oiaplc(e ami rapid 
purification of tlie eflliieiit discharged. In their re|M>rt submitted 
to tlie (\>rporation in 1922 (bey s(ate : “wc may say at once that 

(he oliservatioiiH, chemical and physical whicli wc liave made 
tliiring oiir visit to Ponibay liave gone to confirm the Koundiiess of 
(he view which we have already expressed in our rcpor(/’ 

At the recoiiiimuidation of the Drainage ('oiiiiiiK tee of the 
<.N>rporation based on (he repor(s of all the expc'Vts and <*onfer- 
eiices they hud with them and the Port Trns( Executives the whole 
original scheme, but with the altered place of discharge into 
Kurla Freok, was sanctioned by the C'orporatioii in 1923. 

When tlie (Corporation reipicsted Govcriiiiient to accord their 
sanction to the proposed discharge of sewage eflluent into the 
harlNiur, Goveriiimuit re|>lied that owing to the existing contro- 
versy. before giving the necessary legal sanction, they had decided 
to obtain the advice of the best jmssilde iudei)erident experts to he 
selected by the President of the Institution of r*ivil Engineers. 
Hut the President of the Institution in his reply to Government 
stated, that in view of the fact that the experts already consulted 
were of such eminence, he was unable to suggest any other. 

However at (he end^of 1923 the Government informed the (^or- 
{loralioii that wliile they would kw'p a jierfectly open mind on the 
main question whether the sewage of the city shouhl How into the 
harbour or to the ofieii sea on the west shore of the Island they 
could not agree to. any discharge of the eflluent intt> Kurla Creek 
and thlit it was impossible for them to sanction this scheme in its 
present shape. 
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This uncertaio state oi atTairs remained np to the middle of 
1924 when a compromised scheme was suggested. Influenced by 
the circumstances Mr. Watson, when he was in Biunbay in 1924, 
prepared a new scheme and submitte<l his stH'ond report tog(‘ther 
with preliminary estimates of the cost. Mr. Watson divides this 
scheme into three separate systems — southern, central and north- 
ern. In the case of the southern or Colal>a district, as far as 
Church Gate Street he proposes to eliminate the existing Khone 
system by a new main intercepting sewer desigiuHl for a maximum 
flow of 48,000,000 gals under monsiMU) ennditions or 12,000,000 
gals, of D. W. F. For the lift of this s(‘\vaige to a height of 25 ft. 
there will be erected a Pumping Stalion with a plant of 500 B. II. 
P. He proposes to construct there a tank s<‘wcr outfall, capable 
of impounding a volume equal to 2/.‘{ of t.h<‘ dally tlry weather 
flow of sewage. The crmle sewage, will l»e. disehargiMl into the sea 
*ift the distance of .5,000 ft. from the shore at a point, near Prongs 
Light House and the i)eriods of discharge will be restriclrtl to 
four hours during the ebb tide only. 

For the disposal of the sewage to 1 m» rin-eived from the cenim.1 
parts of the city he proposes to retain the pi’esent lx*v«‘grove out- 
fall with the existing Pumping Station and to construct there* a 
covered impoiindiiig resen'oir with a capacity of 2/2 of the daily 
dry weather flow', for the storage of crude si‘wagc and to discharge 
it into the sea at the time of the most favourabh* c.nrreiits. The 
total discharge of sewage proposed at Lovt'grfwe out fall would l»e 
aliont 39,000,000 gals of D. W. F. per day or 158,000,000 gals jter 
day under monsoon conditions. The existing pumping plant at 
liOvegrove w'ill be supplemented b.v the addition o{ a pumping set 
of 200 B. H. P. and the outfall with two additional Oft. dia. 
barrels for a length of 2,000 ft. 

The northern part of the citv at p?*es« nt nndrained and com- 
prising Pavel, part of Worli, the whole of Mahini, Dadar, Matiinga, 
Dharavi, Wadala and Sion districts w’ill gravitate their sewage to 
Alltop Hill. For the sewerage of th«‘se districts Mr, Watson pro- 
poses to construct :i main intercepting sewer commencing it from 
Ferguson Road and running it along Tiilsi PifSi Line Road to a 
point iKitw'ceii Dadar and Matiinga where it turns eastwards to 
Antop Hill. 

This main sc'wer will interce|>t discharge from the existing 
ejectors at Arthur Road, Delisle Road .•uid I’arel Road and the 
whole sewage from Worli, fia-rt. of Miihini and Dadar districts 
brought by separate branch sewers. .At Matiinga. It will meet 
another intercepting' sewer from the nortli of the Mahim and 
Dharavi districts. On its route from Matiinga to Antop Hill it 
will intercept one sewer from Wadala and Sion and one freun the 
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KaHtern part of tlie tslajid at present dealt with on the Shone 
ejector system. The main intercf^ptini; sewer is of a design suffi- 
cient for a flow of 11U/KK),0(M) gals of sewage per day under mon- 
soon conditions or I8,5fl0,000 gals, pcfr day of D.W.F. which volume 
will he iiltinuilely dellveivil to Antop Jlill. The volume of 
sewage to he gravitate4l to Antop J^umpiiig Station for the tirst 
few years is expec^teiJ to he ajiproxiniately equal to ft, (MM), 000 gals 
per day of dry weather flow, or four tinu's that volume under 
monsoon e^mditions. 

Ill the meaiiliiiie a Piiniping Station w'itli a plant of 400 
IMi.P for tlie lif< of sewage to a height of 20 ft. will he erected at 
Alltop iliil. Tin* whole 4if the sewage before its discharge into 
Kiirla <Jreek will Im* treal«*d at Antop Hill hy tlie a<*tivated sludge 
process, the resultant eflliietii heing pnriti(*d thereby to siieli an 
extcuit, that no reasonable person in the world eoiild ohjind. to its 
discharge into any stream. It will eontaiii not more than parts 
of Hiis|iernled solids per ltNt,000 parts. The resulting sludge w'ili 
contain more than I$,tUNI tons of dry material pf*r atiniim and the 
volume of the liquid will he alsnit 20(1,000 gals per day. 

This aidivated sludge will he putiipiMl to the lands at ihsiiiar 
tliroiigli a 12 inch iliaiii. cast iron pi|N* and utilised as a liipiiii 
fertiliser for the irrigation of tin* Mnnieipal Farm there. Any 
<*xei*ss of sludge ov<*r tin* re<|iiii*ed iinaiitity 1 * 411 - tin* Miini<*i]ial 
Farm at llcsiiiar 4*aii In* sold to iMiltivators in tin* fiirni 4ir dry 
powiier. The niatiiirial vahn* of this sliidgi* wln*tln*r it is ii.simI ns 
liquid or as powih*!* is without d4>iiht. Sir doliii Kiissell tin* 
PriiM'ipal 4d tin* («<iV4*riiiin*iit 4*\periiiiental Agi'i4‘iilt lire* station at 
lledhamsteil valin*d at Us. ri2.\ pe-r ton tin* dried sludge* while l>r. 
Fe>wlt*r e)f Ihingaltire* valin*d it at Us. 00 per ton. 

TIn*se are; tin* main re*atiire*s eif this coiiipreiiiiiK4*d scln*iin*. 

The tedal e'ost eif this sednuin* aei-eireling to the pre*liiiiiiiary 
esMiiiales submit te*d hy Mr. Watson will he Us. 2, 07 ,*12,20] ami is 
sitl>divid(*d as follows : -- 

Oedaha (iiiltaU ... ... Us. 10,25,227 

Love*greive* ... ... Ks. 47,24,212 

Allteqi .Hill , ... ... Ks. 1,20,22,702 

AIMnnigli any incmise in the volume e if sewage elisehargeel at 
lie>ve*greive must he* re*gar«lt*el as eihjeetionahle, i>ersl»tent siiggf*s- 
tions inaele hy e‘ertaiu perKe>ns in<1iieed Mr. Watson along with his 
present prope>Kal to submit alsei an alternative for the draiii*-«gf* of 
the north of the Island wdtli a disediarge into the sea at Lovegi*e>ve. 
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Tlio ostimate lieliij; liiglier tluui in the ouim 5 of the Antop Hill 
Sciienio tliiH iir<»i»oMil on (he ^*ouiid of eoat was not accepted hy 
the CiM*poi*atiou. 

After a }?reat deal of einisideratioii aiml discussion this com- 
pinmiiHed scheme was 8iccep(<*<l by (In* TrtiKlt*«»8 of the Port Trust 
and lmviii»: Ikmmi siiticlitiiiiHl by the t^^rponitiou was forwarded to 
Ciova^riiiiieiit ill liCfo for their approvsil. 

lu sanction of tlie Ooveriiiiieiit to tin* dischargci of crude 
sewage at Colaba, piiritied sewage ellliH^nl at Karla Creek and 
sludge ait Oeoiiar was accorded. 

With this comes to an end (he present, history of liombay 
drainage problem, but not the end of the long lasting controversy. 
As a matter of fact by dt*ciding on a com promised sclmine result- 
*ing in the ridiMition of the pn^sent Ijovegrove outfall the main 

drainage proldeiii as ai. whole nmiaiiis unsolved. 

• 

Mr. II. n. iMaytori, the Miinieipal C'omniiHsioiier in his report 
to the t'orporatioii eoinnieiitiiig on Mr. Watson’s last proposals 
states : — 

^^Tln faet that in his propossils separate! outfalls are 
siiggi!Ste( nmy, I think, he due to the faet that 1 have pointed out 
to him tia* (iiiaiieial necessity for cutting down capital eitpeiidi- 
tiiii! within the next few years to a in ini mum. He iDilst not 
however be understood in jiiiy way to witiidraw bis former propo- 
sals,” and further, **1 am inclined to believe that the timt? will 
cpme when public ofiinion will insist on the provision of an 
alternativi! si'lieme An* tln‘ disposal of Lovogrove sewage even 
thougli the niiisaiKH* r(*siiliiiig tlierefroiti may be practically non- 
existing.” 



BOMBAY MAIN SEWERAGE SCHEME, (1919). 

Drainage 

D«dvet Op»n Spaets. Population. 
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RAINFALL IN INCHES- 

Data by the Government Observatory, Colaba, BOMBAY. 


YEAR. 

Total 

Rainfall. 

Maximum 
full In onu 
day. 

Maximum 
fall In ona 
hour a 

No. of days No. of dayg 
onwhioh : on which, 
over 4 to 8 over 8 ina 
Ina. fall. foM. 

! 

1889 


67«84 

4-04 

1-1 8 

1 


1890 

... 

85-18 

4*81 

1*28 



1891 


TT*i8 

6-82 

1-69 

* 


1892 


96-12 

6-43 

1-86 



1893 

... 

67-24 

4-97 

1-60 

1 


1894 

... 

66-85 

4*77 

1-60 

1 


1895 

... 

67-69 

6-82 

1-42 

3 


1*898 

... 

87*65 

6-2 1 

2-1 O 

1 


1897 


81-63 

4-92 

1-66 

3 


1898 

. . . 

• 74-09 

6-1 3 

1-60 

5 


1899 


36-90 

6-68 

2-34 

1 


1900 


69-12 

8-04 

1-63 

3 

* 1 

1901 

... 

76*32 

6-66 

2-89 

2 

. 

1902 


71-97 

6-74 

1-36 

2 


1903 


84-49 

6-03 

1-68 

1 

... 

1904 


33-42 

3-33 

1 1-20 


... 

1906 

... 

33-66 

4-00 

! 2-11 

1 

... 

1906 


56-30 

4-89 

I 1-36 

2 


1907 


100-78 

8-84 

2-9 1 

7 

1 

1908 

... 

63-54 

4-30 

1- 1 1 

2 


1909 


71-22 

4-07 

1-68 

1 


1910 


67-86 

8-14 

1 2-69 

2 

1 

1911 


46-51 

4-78 

; "" 2-68 

3 


1912 


64-06 j 

: 7-86 1 

2-33 

3 

• « 8 

1913 


70-96 

6-60 ; 

2-26 

4 


1914 


81-62 

6-28 ; 

1-66 

3 

• ■ . 

1915 

... 

77-68 

11-41 i 

J-86 

3 

2 

1916 

• • 

86-06 

7-60 ^ 

1-64 

3 


1917 


99-76 

6-96 

1-66 

4 


1918 


36-64 

4-98 ; 


2 


1919 

... 

68-32 

8*74 

... 

2 

j 

1 

AVERAGE 

... 

71-76 

6-04 

1-78 

i 

... j 

i 

<r 


i>ono noDD O' watson. 

M/s. M. M. INST., C. E. 

Birmingham. 



BOMBAY MAIN SEWERAGE SCHEME (YEAR, 1924) 

Drainage Area. 

AIN SEWER. area DRAINED TO THIS PORTION. I 
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tiw aawprs to run half toll, or a«an tha llguras at tha third eolumn ean ba tofcan aa minimum, 
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TABLE No. II. SHOWINQ SIZES OF SEWERS REQUIRED FOR VARIOUS 
NUMBER OF POPULATION OF THE AREAS SERVED. 

Assumed Flow of Sew ige Is 230 Qallons Per Head Per Day of the Popula- 
* Ion Velocities of Flow in Sewers Vary Between 
3 ft. Per Seo. and 3'5 ft. Per See. 

Circular Sewers. 





1 Populstlofi S*pv*9. 

Sis*. 

Q mt 

V--3-6 ft. 

Q at 

V 3 ft. 

V 3*8 ft. 

V 3 fte 

2*e*’ 

17*23 

14*73 

46.000 

40.000 

2>g» 

18-8 

17*8 

61.000 

48,000 

3' 

24*7 

21*2 

BT.DOO 

67,000 

3'3" 

29-0 

24*9 

77.800 

BT.DDO 

3'6’* 

33-6 

28*8 

90.000 

TB.ODO 

3»9»* 

38(6 

33*0 

104.000 

98.000 

4* 

44 2 

37*8 

120.000 

IDR.ODO 

4’3'* 

A9-7 


134.000 

• 


86*7 


180.000 


4*9" 

61*9 


167.000 



S* 

68-8 


168.000 


6*3** 

78*6 


204.000 


6*6** 

83*8 


228.000 


a*9" 

91-1 

t 

1 

248.000 



6* 

99*1 

1 

267.000 


.6*3** 

107*8 

j 

290.000 


6*6** 

116*2 


314.000 


6*9" j 

128*2 


388.000 


7* 

134*7 

[ 

384.000 

... , 

7*3** 

144*6 

1 

' 390.000 

.... , 

7*6** 

164*6 


417.000 


7*9** 

168*2 



448,000 


8* 

178*0 

• 

447.000 


8*3" 

187*2 


606.000 ' 


8*6** ; 

198*8 


636.000 1 


B’9** 

210*8 


687.000 ' 

.. ••• 

9* 

222*6 



600.000 


9*3** 

238*0 


638,000 - 


9*e** 

248*0 1 


870,000 : 

»«e 

gtgsi 

261*8 


706,000 ! 

•eea h 

lO* 

1 

178*0 


742.000 

! 
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TABLE No. III. SHOWING SIZES OF SEWERS REQUIRED FOR VARIOUS 
NUMBER OF POPULATION OF THE AREAS SERVED. 

Aaoumod Flow of Sewage is 200 Gallons Per Head Per Day of the Popula- 
tion. Velocity of Flow In Sewers 3 ft. Per Sec. 

Horse Shoe Sewers. 


Heleht. 

Q at 

V -3*5 ft. 
aer see. 

! 

Nepulatlen Serired. 

lO* 

1 

320 

610.000 

10*3" 

335 

910.000 

10*6- 

362 

960.000 

ID'S" 

370 

! 

1.000.000 

11* 

367 

1.046.000 

ii-a- 

5 

O 

V 

1.090.000 

IPS** 

420 

1.136.000 


! 

440 

1.166.000 

12* 

460 

1.240.000 

12*3** 

4BO 

1.296.000 

1 

12-6- 

600 

1 ; 

! 

1.360.000 

I2>9m 

620 

1.406,000 

13* 

640 

1.460,000 

I3»3» 

660 

1,610,000 

I3»e'= 

m 

ID 

1.670,000 

I3*9“* 

603 

i ^ 

1.630.000 

IS* 

1 627 1 

1 * 

1,696.000 

1S*3** 

; 1 

« 660 

1.766.000 

1S*6” 

673 

1,620.000 

I4*9** 

697 

1.660.000 

IB* 

720 

1.960,000 




. IN VARIOUS SIZE SEWERS. | 
Desirable Velocity is 3*5 ft. per second. 

Small Circular Sewers. 
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THE INHTITTTtHlN OF ENiUKEERS tTNDTA). 


TABLE No. II. SHOWING GRADIENTS TO BE PROVIDED FOR 
OBTAINING REQUIRED VELOCITIES IN VARIOUS SIZE SEWERS. 

Desirable Velocity is 3*5 ft. per second. 

Circular Sewers Concrete. 


VetocHy as per Kutter's Formula, n • O’OtS. 


Size. 

Area. 

H. M. D. 

Gradient. 

V. 

when 

V. 

when 

1 

r 

j 

A* 3* 

1A‘20 

1-08 

1 " ! 

1-B80 

full. 

3-6 

; 1/3 full. 

2-9 

A’- 6" 

16*9 

1-13 

1*900 

3-6 

3-0 

A* - 9" 

17-7 

1-19 

1-980 

3-6 

3-0 

B- 

- O’* 

19*6 

1-26 

1-1000 

3-6 

3-0 

6*- 

3” 

21-6 ■ 

1-31 

1-1100 

3-6 

3-0 

B’- B« 

29'8 ' 

1«38 

1-1200 

3-6 

3-0 

B*- 


29-0 ! 

1-AA 

1-1300 , 

3-5 

2-9 

6* 

293 

1-80 

1 

1-1 AOO 

3-8 

2-9 

6’ -3' 

30 7 

1-66 

1-1800 

3-6 

2-9 

6-- 6” 

33*2 

1-63 

1-1600 

3-8 

2-9 

6 *— 9” ' 

38-8 

1-69 

1-1600 

3-0 

3-0 

7* 

38-B 

1-78 i 

1-1700 

3-8 

2-9 

7-- 3" ‘ 

A1 3 

1-81 

1-1600 

3-8 

2-9 

7 

.8” 

AA’2 

1-88 

1-1800 

3-6 

3-0 

7*- 9 ’ 

A7'2 

1-9A 

1-1900 

3-8 

2-9 

B* 

80*3 

2-00 

1-2000 

3-8 

2-9 

8’- 3” 

83*8 

2-08 ! 

1-2000 

3-6 

3-0 

8* -6” 

68*7 

2-13 

1-2100 

3-8 

2-9 

8*- 9” 

80*1 

2-19 

1-2200 

3-8 

2-9 

9* 

83*6 

2-28 

1-2200 

3-6 

3-0 

9* -3” 

87*2 

2-31 

1-2300 

3-0 

3-0 

9’— a- 

70*9 

a-38 

1 -2AOO 

3-6 

3-0 

9 ’— •” 

7A*7 i 

2-AA 

1-2A00 

3*7 

3-1 

10- i 

i 

78*8 

t 

2*60 

t-2800 

3-8 

3-0 
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TABLE No. III. SHOWING GRADIENTS TO BE PROVIDED FOR 
OBTAINING REQUIRED VELOCITIES IN VARIOUS SIZE SEWERS. 

Desirable Velocity Is 3*5 ft. per second. 

Horse Shoe Sewers Concrete. 


Veiociiy as per Kuiier's Formula^ n = O'OIS. 














1^72 ftMCWN IN rului. I.IMIS 
IMS HI QOTTCO 


tt«irr II4DUSC . 


EMMANUELOV ON DRAINAGE PROBLEM OP BOMBAY. 






LOVfc, (jROVE SEWAGE OU I FALL at the time <if ri»ing ^ide. Bright coluureci pan of the Sea shows area and direction of Scw'age diffusion. 



EMMANUELOV ON DRAINAGE PROBLEM OF BOMBAY. 



Same outfall at the time of Ebb-tide showina Sewaae flowina alone the Coa&t. 





EMMANUELOV ON 



PROBLEM OF BOMBAY. 

























— BOMBAY MUNICtPAUTY - 

MAIN SEWER NORTH OF ISLAND 










DISCUSSION ON 

THE DRAINAGE PROBLEM OF BOMBAY. 

Mic. K. Thmim.i-: ri'iiiarkiNl that llio ilraitiing of a bij' t«>\vn 
waN a ^ana? playiMl but warn those intent on doing: it well, and those 
intent on stHHidiii^ as little as poKHilile, or on safeguarding: some 
private iiiter<‘st, in wliieh tin* oiihM»k<‘r e4>iild not see' most of the 
gaiiif^ Iie4*aiis«* ih> stiid.v of re>p4»rts 4*4Mihl g^ivt* full kiHiwh^lg^e 4>f the 
ni4*rils and 4l4*fe'4‘ts 4>r tin* S4‘h4*iii4* 4>ii tin* one liainl, or of loeal indNi- 
li4*H aii4i pr4*jinli4'es on tin* 4»tln*r. 

T4» tin* onhM»k4*r at the Ihmihay ilraina^e g^aiin* 'however eer- 
tain points W4*re 4*lear. The first ainl pr4»hailily nnist: seri4>its was 
that, t li4* 4*Nisting: 4lraiiis W4*r4* put in wln*ii p4*4>ph* krn*w t4>4» littU* 
ln»w tln*y slniiild hi* hiiilf for linliati I'inniit ions. Tin* n4*\f and 
aliintsf 4*i|iially serious was that too many p4*opl4* witfi insiini4M4*iit 
kiiowl4*dg;4* to jinlg;4* a S4'h4*iin* fairly wei*4* in a p4>siti<»ii t4> opposi* 
wit It sn4*4*4*ss any seln'nn* that was put foi-wanl. Ami tin* next was 
tliat until Mr. . 1 . \V. Mai'kismi's sidn-iiie, as hh*s.s4*d origfiiially hy 
.Mr. -I. n. Watson, or s4»iin*t liiiig: V4*ry liki* it was iiistalh*4l^ Ihunhay 
wiMihl Ii4>v4*r In* sat isra<'t«>rily 4lraiin*4|. No si’lu^iin* t*4»iihl po.ssilily 
Im* sat isfai't ory wliii'h I'aili'd It* S4*4*nr4* 4*l4*aii s4»wers. Silt li*aps 
ami silt 4‘h*aiiiiig[ W4*re im*r4* palliat iv4*s, .ami W4>iihl not t*r2idi4*ate 
tin* 4*vils i»f tin* |ir4*sciii sysl4*ni. I•r4•snlllahly imiiiy id' tin* 4*xisting; 
S4*W4*rs won hi hav4* to hi* I'elaiil. Mr, Mai'kismrs se|ic*mt* appi'ar4*fl 
,lik4*ly to maki* this r4*layiii;: as iii4*\pensiv4* as |»ossihl4*. Oin* siii4*ll 
at tin* Lov4*g:r4>V4* l*iinij»ing: Stath»n wonlil I'lmvim*!* anyhiMly with 
Kno\vli*dg:4* 4d’ si'-wagi* that tin* first in*4*4*s.sily was to In-tiig: the n4*w 
n-p* 1114*1*4* s<i i|iiiekly that it I'oiihl not have linn* t4> turn S4*ptie on 
tin* way. This t'onhl iinly Is* ilom* liy 4*xt4*nsive r4*laying:, ft was 
m»t 4*l4*ar Ironi the paper wln'tln-r sneh r4*laying: was e4»nt4*iiipiate4l 
U\v tin* ar4*a now ilraiiiiiig; tii |jov4*g:rove. lint whatt*ver w'as iloin*, 
it slnnihl Im* siii'h that this wonlil nltiinat4*ly Im* possihh*. Tin* 
inter4*4*pt ing: sewer propos4*d hy Air. Mat'kison to interei'pt the twit 
main s4*\vers at pr4*sent gffai vita ting: to I.*4»vej5r4>vf* appeared to hi* 
sittiie Il?ft. litwer than tin* existing: servers. If tliis was so, it was 
presiitnaldy si> plai*4'il tit (Hermit itf ri'laying: tin* ithl S4*w'ers. 

If tilt* iiiitililleat iitn itf the selienn* pntposi*!! snlis4*4]nently hy 
Mr. Watsitfi imiile this iiiip 4 tssihle, there witiihl inevitably he dis- 
appoiiitiin*nt ami the ultimate cost to the town wctiilil Ite very 
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muc*li jifw»ater. The |K*riodiral rU*ainiiji: of tin* pro]>osiMl iiii|»onii() 
iii^ r(*siTvoiv would rmito a> aarial imiKaiu'o than had .vcd 

mot ovoii at. Lovejjrovo. 

Whoii tho Hohomi* was rarrunl out it would ho iii<«*roKlin»’ (o 
soo if the iirovisioii for storm wator as ralonlatod por la^ad of 
population pnivi^l corrort. In India, tin* tpiaiitit.v to Is* doalt 
with in tlio sowor tiopondtMl in>t as in Kurland on tin* <|iiantit,v <d’ 
wator that would ooiiio to thoiii, hut on tin* surross with which it 
could ho kopt out. t'arofiil arranp*iiionts iNir tho oxoliision of storm 
wator iiii^ht roduoo tfio ipiaiitity whi«*h would ontor tho sowors to 
tho oipiivalont of I/I’d rin*h of rainfall por hour run otT from tho 
wholo aroa drainod. Aoo4»rdi‘ii<r to Mr. Watson’s report M,ti57 
aoros woro tii ho drainod. At I. 2d iindi |M‘r hour this ropn*sontod 
ahout ‘17d iiiillitui gallons p4*r day whioh was a littio loss than Mr. 
\Vatvon*s ostiiiiato of Idd million gallons por day. To k(*op tho 
volniin* down to tdd iiii.Hion p^allons |M*'r day wf>iilil iu^imI a vory coin 
ploto iiistallarioii of i‘tTo(*tivo storm wator soparatio's. 

Tho ostiinato that only *12 million gallons a <lay would tlow 
to Antop in tho no;ir fiitnn* was likoly to la* ovor optimistio. 
Though it was tnio that a oortain avora^o rotation had hooii 
ostahlisiHNi hot wool! population and storm tlow in sow4»rs, tho 
storm flow woiihl la* thoro wlndhor tho popiilathui was or not, and 
as soon as tho intm*oo|i(iii^ s<*wor had la*o'n const ruotfal, tin* storm 
wator was likoly to fall info ft. 

Tin* possihiliti(*s of pnriti(*at ion of tho sowap:o at Antop 1 1 ill 
hy ono 4»f tho hioa(*ration pnM*«*ssf*s won* almost iinlimitod. Ihit. 
tln^ possihili til's of disappoint mont woro also almost iiiilimitod. 
Tho sowaj'os that hatl hoon so succ«*ssfully tn*atcil in India hy 
those proi*oss4*s won* vory fresh. Of the many dinh*ultios that arose 
in working tln*m ono id' tho most fri*fpieni was that cans(*d hy 
some of the sowa^ro jxoiiijr so]»tic. The vory Kc»plic Ni*wa;(o of 
Jlomhay was lik<-ly tii iirov«* V4*i'y ditlicult, and the iiiaiiiirial valm* 
of the sludge from a S4*f»tic sowai^* was liuhh* t<» he lower than tin* 
value of the slnd^^o from a fn*sh sowa?;o. A comparativ(*ly small 
plant say one to deal with a million gallons per day slniiild <*er 
tniiily Ik* ero^ieil and workwl for at least a year hef#u*o a lar^f*!* 
plant w’as desi^etl. 

Mk. E. E. DK.simr\si.\r.s remarked that mi pap- loft, “Fate of 
tho Sclieiiio” the author had sliow'ii clearly that, there was hut one 
uiicadtled portion, pvin^ rise to ohjectloiis (viz.; the discharp* of 
Sew’ap* through the ontfalls at Lovep-ove; thv other two outfalls 
at Proiipi Lijirht House near Polaha, and that into the Kiirhi Oreek 
(after special tmitnient) fnun Antop Hill Ixiiip: accepted in 1»2(i 
by Government. 


Mr. F. < 


Mr. R 
OcHbruH 



THK rNHTITlTTIOX OF KNGINKERK (ISIUA). 

Th«* irioMt natural qucHtloii would In* aak<*d : why not treat the 
projMiwHl to he diaposed off aa eriule throufrli the I^vegrove 
outfall, —either at An top Hill and then diaposi^ c»f it into the 
Kurhi tU*eek?-"the eost prohafily la*lnp the hamc as that pro[K)8ed 
to he disposed «>ff at Aiitop Jlill as one of the three dispersal i>oiutK 
of the Sewa^^e; ru* when ti-eatc-d at Aiitop Hill hv the activated 
sliidf^e process, the result int( iniHsaioiis etTliieiit could la* discharged 
at the Lovegrove outfalls? The latter would sf^^ni to cost more 
than tlH‘ former propcmal. 

For treatirumt by the a<‘tivated sludge process at Antop Hill 
of lilt inillion gallons of sewage |K»r day under Monscioii conditions 
was shown to i^mt 12 nijllion ruptn^s. If tin* cost of the treatment 
was shown separate from the disposal, iMdii*-!* results could 1 k^ 
obtained and so he w'as compelled to take the tigure as a w'hole. 
The Lovegrove outfall was shown tii d«^)l with 15S million gallons 
fd Sewage inaxiiniiiii or about 2/2 ut that, of the cpiautity for Antop 
Jlill «»r say 10 nnllion rupee's, and for the t%>taba outfall 4S million 
gallons or \ of tiiat of Antop Hill, i.e., costing 2 inillion rupees. 
The total cost would seem to 1 m- 12+10 4 2-25 niillicui rupees f>r 
within 20 iiiillioii rup<*es as originally estimated. 

AVIuit a pity that the origmial scheme prepared by Mr. MackL 
son was not given effect to In toto, with the extra work invidved 
liy the iiicliisioti of the activated sludgi- process even if this were 
to raise the cost considerably, since tin* scheme was one that em- 
braced all the iieeils not. only <»r tc4 day, but also of a distant future. 
Mr. Watson and Mr. <2ayt<in said “tinit tlie sclieiin* as designed, 
if given effe^d to would result in a sijee«*ssfiil and permniieiit solu- 
tion of the llomhay sewage ami «lraiiiage ]>roblems.” 

One more point wliieli did not S4*caii clf*ar would be found on 
page Itil sec’oml para. \va,, *^and the outfall with 2 additional iV dia. 
lairrels for a huigtli fd’ 2tK>tlft.’" From page 125 it would appear 
that at liiivegrove there wen- almidy -Mwo ti' dia. ^Ste<d llarrels 
projeetiiig into the sea for a distaiiee of ahimt 20tMlft.’^ and again 
on page 1251 •wuily during short periods of the tlowiiig tales does it 
(t'*rude S4»wage at Lovegi'ove) How snfticiently far out into the open 

and there thoroughly diffuse itself in the largt* volume of 

water/’ 

Fn>m this it. wouhl ap|>ear that the sewage was carried out 
alK>ut 2tKKl fee-t outwards* horiKOiitally by pii>e8 from the shore. 
Would any gf>od result from pumping the tK*wage down into the 
sea w'ttter and letting it thus break up and spread it its way up 
w^ards thnnigli a good depth of sea water? Would this help in 
quicker and better surrounding of the crude se'wage by the sea 
and its movement caused by towed pumping? 
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Mb. G. Ubansby Williams remarked that the dttiinage prob^ 
lem of Bombay rH|uiml solntiim as urf^ntly aa that (»f Calcutta. 
In both easels the <*hief diflieulty was that of the outfall. In 
t^iileutta, U'hat was oripiially a iH>m|Minitively Hatisfat*tory outlet 
for the city si*wa^j:i% had Ikhmi allou'ed to deteriorate until the 
iim^Hsity for lindin^t Nome other method of diK|N>Kin^ of it inul 
iKH-oine aeiite. In Bombay the {lositioii originally seleettHl for tin* 
diH<*bargi^ U’Sh obviously open to strong objei'tloii, but the dilUeulty 
of disc*overi'ng any other outfall that had not Uhuj o[»[K>s(Hi on 
practical or stuitimeiital gnuuitis. Iia«i led to the niiisanee created 
is ing contiiiuetl in an ever giHiwing intensity, u liilst the progrti^s 
of the city drainage works luul Imn-ii ndardi^il to a ileplorable ex- 
tent. 

Mr. Kmmaniielov's paper conslsttnl for the most part of :i 
history of the drainage Kyst(*m, an a4*<M>iitit of its di^fc^'ts, and a 
d<‘Hcriptioii of the tlata on wliicli the new scheme luul been pivpured. 
A comparatively brief spaee was devoteil to an oulline of the 
scheme, which apiiamitly was drawn ii[> by Mr. Miif^kisoii and 
appimed by Mr. Watwui ; and tbe alternative. j>rojeci Hiibsequently 
pH'puml by Mr. Watson was cursorily dismisNi»d in a few lines. 
The paper ap|N*anMl to a considerable extent to consist of <|nota- 
tions from Mr. Wafsturs reports but liow far this was the cam* was 
not made clear. 

On the lutsis of such inforjiiatioii as was supplied in the |ia|s*r 
it was not possible to make any iH^isoned criticism of either Mr. 
Mnekisoirs scheme, or Mr. Watson’s alternative, but certain points 
suggi*sted theiiiselves. In the fiivt si'lienic* tlu" inaiii features weii* 
two large iiitercefdiiig sewers, one of which formed a eoiit in nation 
of tlie l.<i»vegrove outfall sewer. These were to ls‘ very deep —from 
40 to TiO feet at the low end. Apparently a goml deal of t*x|a*rise 
would Im* saved by juiiiiping all the se.wagv* of the southern part of 
the city at Liiivegrove info a high level sewer coiiiimui<*iiig at this 
point, and it was not fwideiit why this arraiigimieiit was not 
•adopted. 

The mnarks on pagt^ Wi of the jaiper reganliiig eatchpits 
represented an ideal statt* of afFairs entirely divorcsl from pratjti- 
cal conditions. It mus not possible to disfienw with catchpita in 
any ordinary Indian sewerage system. The huts lived in by a large 
iiiiiiiber of the iiiliabitants were of such a poverty stricken character 
that the cost of providing separate connexions to each holding 
from the setwers urould in many eases be more'tlian the value of the 
premises. The most that could lie done w^as to provide for one con- 
nexion to a galley serving a group of dwellings or a bustee. It 
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followed (hut Hiillagci fiiUHt Oow for Home diBtuiiee in ofieii dmina. 
Tlie amount of Hilt iind gsirlmge that wan <;olUM*te<l from tlioHe draina 
WOH remarkable. Jt w'uh abHolutely i>i}Hoiitial to intercept an iiiueh 
UH pOHHible of tljiH, iKifore it reached tlii‘ si*wers and the only w'ay to 
do HO wan <o eoiiKtriict pulley eatehfdtK of t-oiiKiderahle capacity. 
fTiiCNe eatehpilN did not have any eife<*l on malaria. In the firat 
place they silt up so ra|»idly that lliey had to be eleam^d out i*very 
day or two, ho there was no time for inosipiitoes to briHMl in them. 
Even if they were left iiiitoiiche<J for 1oiit<: enough for iiiosqnitiN^s t<k 
breiMl, no anoplieles would be pi^odiiced for these would not bree^l 
in dirty w'ater. f'nle.v would brei-^l if they a chance bnt of 
courne these did not curry the malaria parasite. 

It waiH interestiii|c tii lunir that 50 gallons of water i»er head 
was coiisidemi adeqiiati*. to m(H.d the iii^uls of Ihuahay, when i'al- 
ciitta was siipposfHl to mpiire more tlmii doiihle that quantity. The 
aKHiiiii|dion that the sewa^fe was eipial to the water supply, whu'li 
was iiHiuilly made in h]ii|['iaud, did not hold for*tlie ordiiisiry 

Indian town. In these the H<!waf^e wais sometimes less than half the 
W'ater Niipply in the dry W'eather. 


The method of C4i1cu1atiii|i; the maxiiiniiii rtiii otf in the storm- 
water drains did not apinnir to l>e very lo^^ical. Apfiarently when- 
ever the luaxiiniim rainfall in a year had been 2 Inches, that 
year had bciui disregarded under the impresNioii that no other fall 
occurred In that year over 1.52 inches. Moreiiver to tJike the aver- 
age <if a certain iiumlH*r 4d selcHdiHl maxiiniiiii rainfalls seeiiuMl a 
crude and uns<‘ientiti<*. system of culciilation. 


Obviously to design tlie branch drains in a town with the rain- 
fall of lloiiibuy on the basis of u rainfall of 1 inch i»er hour w'ould 
ivsiiit in fri^fpient t1oo<ling. liaiii might fall for short |>eriods with 
an intensity of 10 times that Ogiin^ and such falls were in fact by 
no means infrequent. The diagram of run off in his opinion Hhow’<^ 
too little run off for the smaller art^s and to<i much fbr the larger. 
He should consider a rcMisonable allowanc^e of run off for Bombay 
somewhat ns follows : 
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The proiuml to make the velocity of how iu the eewer 3) feet Mr. -o. ‘J 
tier wecoml was an ideal which it was impossible to i*each in Indian ; 

towns in the plains except at a prohibitive ex|>ense. In his schemes 
lic' providetl for a daily dry weather velocity of 3 feet ywr second if 
]iossibits blit ill any case not less than feet ihm* second. Sewers 
deslg:iied on this basis had liedn perfei‘tly satisfactory and there had 
lieen no trouble with silting of the sewers. 

The stateiiieiit on i>age 152 of the pa|Hn* that the Boiiilniy sewage 
contained twice the quantity of solids usually found in KurotHMiii 
sewage was misleading. In sewage disposal it was the solids in 
suspension that alone nml be coiisidered, and it apfs^ari^il from the 
statement on pagi; 151 that tliese were less in Ihimbay than in 
Eui*ope. 

Generally the iinpi'cssioii cit^tid by the pajier was that Mr. 

Watson luul been compelled by force of circumstances to aban<lon 
the K«*heiiie he wishe<l to carry out in favour of a cheaper and less 
effective scheme which p4*rpetiiated the iiiiisaiict» of Lovegrove. The 
most iuteit*sfing feature of the latter scheme was the pru|>osal to 
treat the sewage of the northern part of Bombay by the Activated 
Sludge system. As regards that Bombay would probably be able 
to obtain some useful iiiformutioii when the experiment, which he 
was carrying out for the Nagpur *Muiiicipality had been coin- 
(doted. 

The pa|Kn* etnied up in a pesslinistic vein and iliii not give any 
clear indicatbin that anything at all was likely to Im» done to solve 
the Bombay pnddeni in the near future. 

Mr. M. Ahsan /kman said it was niifortiinate that the author Mr. M. ahh 
was not present at the. discussion. Anyhow Ids papi'T was very sseman. 
intiTcsting. It gave a complete history of tin* Bombay Draiiiagi* 
and the ojdiiioii of the numerous ex|>ei*tK consiiltiMi from time to 
time. Ill the paper siifficieiit details were not given for a coiiifiletc 
Hfdiition of the existing trouble. One had to Im guifled by what 
the author had stated and an opinion fdrniiHl on gmieral principles. 

This was he Indicvcd the object of the author In i»res«*ntitig his 
lfU|>er. 

The various Outfalls mentioned hy the author and Mr. Modnk 
w'ere : — 

(a) Lovegrove. 
ib) Colaba Points 
/c) Worlee— do— 

(d) Mabim Bay. 

\e) Green IMte. 
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(/) Kiirla Cm*k. 

(«) TliC! Lovftj;i-€>vif OiitJ'uJI had a i-oinidHtf faihiiv. 

(fo) All Outfall Hi rVdalia point which would have lieeu the 
Vin'y heni could not he had luiw an it wan too late to revem; tin* 
whole HyKieni. 

(f) Wocln* Point wan no doubt heller than Lovegii^ve hi at« 
tiiiich UH there wuh iiiot*i^ Hpace availahlc for the construction of 
purification works hut it would not Is* a periiiaiicnt solution of the 
prohieiii aiul whenever the sewa|^ was not purified fo the extent 
iieei‘Ksary there would Ik* the same fiuisaiic4>* attain. MorcMiver tin? 
cost of purification would Ik* very heavy with practically no return. 
The hlea of adopting flu* VVorlw Outfall was a^^aiii the same make- 
shift policy of tlie past wlitcli would result in eiioriiioiis capital cost 
and no return or permanent heiiefits. 

(c/) Mahiiii Hay had more or less tin* same def<*cts as Worlin* 
and was rejected for the same ii*as4uis. 

U* & f) tireen Isle and Kiirhi (M'cek were both on the Kasterii 
side of I he Island. Hen* there won hi he no accumiilalion of 
Sewai^e aloiijr the shore owiii^ fo the fav«>urahh* t-iirrcuifs hut the 
Pori Trust would not alhiw untreated sewa|*;e lo he tlischar^xed into 
the harlKiur. Hence it s<*eiiied that puririca(it>n must hi* resorted 
to on the Western side to fjet over the ohjectums raised by the Port 
Trusl. If the Outfall was to Ik* at Worlee the cost of fuirification 
and tiiaiiiteiiance woiihl he much more than at Antop Hill. The 
Kpai'e heiii}; limited im*%*liunical iiietliiHls of purilicatioii must Im* 
iidopti«il siich-as the Activated sludp;e with heavy capital and main* 
teiiancf* I'ost, while at Antop Hill a lar^* area was available which 
cfuild easily he ac4|uired and mdaiiiied for the construction of 
detritus chaiiihers and sini]de sediment at ion tanks. 

The Sludge could lie disposed of as poiiitiHl «Mit by the author 
and the eflliieiit, instead! of heiiitir disidiar^i'^l into the harbour and 
waHtt*d could Iw pumped on to the Troiiihay Island close by. Thus 
tin* stwap* nf*e<l only Ik* partially fMirliied at a com |»ara lively low 
cost aiul a fairly hirp;<* im*f>iiie ohtaiined from the resulting effluent. 

This was proposed by Major Tiilloch so far hack as 1871 hut. 
as the author had stattMl, Mr. Pedtier the then Muiiici|Kil C^miinis 
Jiil^er iiiterfemi and nnllifieil Major Tiilhadrs projiosalN by doiii^T 
mmy, (Nirticularly. with the scheme of application of Kewatse Uf 
laud. 

Theif* vras enough <’'xp«rieiM*e now us to the WHUilts of stowage 
disposal hy Hroaid Irrigation in India and tin* i^veiine to be exjieet- 
^ ed. Ill IVuma tlie revenue from the emneiit alone waa about 
R«. 100 to 110 per acre apart from the wrater rate. 
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From the tent (;^veii l>,y the author there wa8 no doubt tJhat the ifr.lc.Ahfi 
of Boiiiha^y wan verj^ wettk and did not rtH|iiiiv much freah 
water for its diluticm la?fon* it out for irnipitioii. 

iiiitirht beatatcHl here that for KfMiteiit Irripititm to bc^ profit' 
able and 8Uccc*MKfiil a certain aiiioiint of fn*Kh water waa nlxo 
iiw*d(*d for variable |KM*iod8 according to the kind of cmpH j^i’iiwii. 

As he was not acquainted with the conditions in Tinniibay 
Island he could not stiy w'hat possibilities theie uere for securinic a 
reliable fresh winter supply for Irrii^ition. With ai heavy niiitfall 
lie thfMight it would Ih» ]iossible to arnin^e for fri^sli wafer either 
liy a storage ivservoir or tnlK* wells. 

llow€wer, the pro|Misal s4M*iiied to Is* a very paying one if in- 
V€‘sfigatioii showed that land and fresh water supply could Im 
* eel aiojii icall^* a rra ngtHl . 

An approxhiiate idea <»r tin* iiicoiiie could lie had from the fol 
lowing ligiiirs. Taking the future population to be 2 niiinons, the 
ansi of land nMpiired would be about ItbtNNI ai*n*M ami disfdiai*ge of 
stowage elll net it would In* about l«K*i ciisees in the dry w(*atlier wliieli 
was ejioiigli for iiTigating about aeres. With a eliarge of 

Hs. 1(KI/' per acre the iiieoine would Is* 1 niillioii or 10 hiklis. 
Moreover aecordiiig to the author an ineoiiie of about *1.7 lakhs 
might be exfiected from slinlgi* valimi at lis. 00/- per ton. lie was 
not quite sure about tliis as the sludge from sedimentation or si'^die 
tanks was not of niiieli value. It might In* iitilisiNl for iiiaiiiiriiig 
and m-hiiiiiiiig the .Miinieipal Tarnis at iMmor as ]>roposed. 

After ^•arefully considering the history of the ease ami the 
various ohjeetioiis of the Tort Trust and c foveriimeiit it si*c*iiied 
advisahle and ecomnniral to a^lopt the Aiiti^p Hill Outfall as it had 
been deeide<? to have* the Si'wage piirilied lM*fore discharging It into 
the sea. 

Finally he was of fqdnioii tliat the eoniplete Selieme pnqsihMNi 
hy Mr. Watson should he adopted at oiiee doing away eiitireily with 
the Outfalls at <%>laha and Lf>vegrove and not the eiiiiipnmiisefl 
scheme of Mr. Watson, us the author called it, which retained the 
Lovegi*ove ami f^daha Outfalls. 

SIHIKM WATKK DKAINK. 

Mr. Watsmi and the author were iM-i-fi-clly right in stutiiig 
that the condition of the Htorm Watew Diuiiis was deplorable. 

They were a mtsiaee to the health of a largi* city 11 kc! lloitibay and 
it seemtHl disgraceful to have such a state of affairs continue for 
years when huge sums ivere bedng spent on wpier supply^ boosing 
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Aiisftii aiid huikliuf; ni» new KiiburbM, etc. MoL*e than half the trouble at 
* Lovegrov4* w'jih due to tin* o|k*ii Storm Water (^hanneliii. One could 
not imagine that in a city iik^; Itombay large open kutcha cliannelH 
ami open reHervoirn wens siIIow'ihI. 

Tito eoiitribiiCory drains us stateil by the author were also in 
a deplorable condition. The I'Utchpit and the trap for intercepting 
grit miiHt Im* entirely r^'iiioveil. It sec-meil very strange to spftiid 
lakhs on remedial iiieaNures for malaria ami yet allow itiiiiimerHble 
sceptic catchpits ff>r convimient biveding of nioH«|iiitoeH ail over 
tlie city. Tin* iiriiiciple caus4* of malaria Isdng emiemic in llomlMiy 
was the filthy condition of the storm wab^r counectious and Outlets. 

In m*arly all larg^*^ cities in India the prohleiii of the Storm 
Water Jiruins was left in abeyance till the very last, simply Is-- 
cause it was thought that much iinisancc could not he caused hy 
Storm Water. Really speaking in large, eities the mad sweepings 
eonsisting of hoiisi* refuse ami animal excreta ami Jitter from 
stahles etc., were lM*iiig ilaily put into tin* Storm Wat4»r hraiiis. 
Also, eltlm*^ii< rroni private* st*ptie lanks without any land treat- 
ment. was alhiwiMl to How. hi some eases sf*wagt* cimiiectioiis had 
been wrongly made* and in many cases the snilage was made to 
How into llie Slorni Water Orains. All these |iractie*es contributed 
to infeed (lie small vediiiin* e»f liepiiel Heewiiig e»r stagnating in the 
Storm Drains in the* elry w<*ather. In lloiiihay tin* rainfall was 
not iinifeiriii rigid (hroiigli (he yf*ar. It was we*ll km»wii that the* 
Ste»riii Drains were* not HiiKln*el e\\<*e*p( in the monsoon e»r after an 
extraeirelinary hea\\ sln>we*r. With olist ruete*fl e*ntlf*ts the pntriHeel 
liejiiiel ae'ciimiihiteei in (ln*iii niHlt*r tieh* h»cke*fl comliliem feirtning 
h>iig Hiitlmrize^el septic tanks. 

ir an mitireh se*pa rate** system was te> he* retaim*d ami iiiipreiveel 
at an enoriinHis outlay of •• ereu-es it seemeel absolutely e‘sse*ntial 

«. 9 

that the Storm Wate*r Drains must In* remeMh*lh*il anil iinprov(*el 
first. Ne» eipcii elrains or ivservedrs were ti» he allowf*el. If tiele 
forked eomlitioiis were proelm*e«d tin* Storm Water shpnhl Im* dis 
ImihimI eif in a similar way te» sewage hy cedleeting it in eover**el 
reservoirs and pinnping it Into the sea at all tidal i*e»iie]itioiis. 

Ill his opinion if satisfaetory results were to be' attained tiu* 
Storm Wat«*‘r Drains should In* rtM*oiist meted and imiintained «ui 
SHiUitary lines along with the new' Sew'emgci Seheme. The prin- 
ciples to W laid down should iJe : — 

(o) No oi)cn drains were to Ik* permitUHl under any circuiii 
staiiccH). 

(b) l>im*t falls into the sea should be pi'ovided as far 
possibte. 
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(r) In C4i8e of lido ]cK*kiHl conditions cowml rfwrviors should UtiLA 
Ik* desigiUMl for the storaigo aind ilu' liqiiial dally iido Hic 

sc^i. 


{<!) Ak Htrrot KW4»4»piii^, animal droppings and Kullago from 
cattle sheds, etc. were waslieii iii1«> the Storm Dniins^ the discharge 
generally contaiiM-«l jnitrifactive organisms. Jn the dry weather 
there would be generally a very small How in the drains, in fact the 
sidids would settle on the invert and obstnict the How. Hence if 
no ciitchpits or gnlleys wen» to In* permitted^ in fntiiiv it would la* 
neecssary to Hush these drains daily and keep them quite clean. 

{€) All drains should of sucdi a- form as to be able to carry 
the ilow in the dry weather with a self clmnsiiig velocity. In thircasi* 
4>f large drains the invert should consist of a 4*entral channel of a 
Viiialler diameter either «d‘ S. AV. piis* or concrete with the sides 
sloping towards the ihannel with 1 in :i: more or less similar tin* 
invert of tin' Lancaster type or a 4*unette seidion may be adoptial 
ill ense of very largi^ sewei's. All smaller sewers should bo of ovoiil 
section new form and the smallest ilrailii shiuild not In^ less than 
18"x27\ 

if) An entirely separate system was (4^ is* rigidly enforceil 
aind no cMUiiiexioiis whatsotW4*r were t4> Is*' aJlow4»il between tli4‘ 
Sewagi^ ami Storm Drains; the partially separate system now 
practised was always 4»peii t4i abiis4» in some form or other and must 
In* stoppeil. 

* (9) The main features of the proposals for the new' Mlorni 

Water llrainage as pointed out by the author should hct adhered to. 

Finally he woiibl a4ld again that iiioii!* lioin half the trouble 
au4l nuifuiiif*e at present was due to the faulty Htorin Water Drains 
and storm Outfalls. In any m*iieme whifdi W'us to result, in a 
successful and {permanent solution of the j>roblein the question 4>f 
Storm Water Drains should receivi* tht* first and formost considera* 
tion. 


CAPACITY' DF SEWERS, 

To estimate cori*ectly the capacity to Ik? provwJi^fl was very 
nearly impossible. Rate of water supply and quantity of groun4f 
water were really the only data from whicdi aii approximate figure 
might be arrived at. The daily rate of watc^r supply for a city like 
Bombay should in future be not less than 5(1 gallons per capita. In 
fact it was sure to increase to 75 gallons per capita in the next 
few decades. 
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iMn For tlic present luotuuiiiif; that ouly 30 {pilioua p<'r capita per 


SO 

day reached the w*werH, the avcmip*. flow jM-r lioiir would he^ »2*08 

24 

gallons iM*r iu'ad per hour; t>ut uk coiiHumption of water fluctuated 
throughout the 24 hoiira tiie ijiiautity <»f M^wage w’ouid alao vary. 
Ill fact, practically would l‘f•acll (lie M'went in 0 houra; that 


w’aa to Hay the niaxiniuni i*at<‘ of flow 


40 

would lie — =(i-<>7 gallonH 
6 


{ler iiead |H‘r hour or nearly 0*2 tiiiicH tin* average flow. Thia did 
not provide for any factor of Hafety w'hlch hIioiiIiI Ik* at leant 1 1 
timea ; adding tbia the caiwcity Khould bci S-(14 gallonn jier he«id per 
hour or very nearly 2(MI galloiia per capita p(>r ilay. 


In a city like Uoiiiltay where the ruin fall waa heavy and the 
[HMitioii waH rather low’, a great deal of ground w'uter might lie ex- 
pc<*ted. TIiIh Hhouhl not Imi niixeid up w’ith the Ktorm water wlileh 
in the coae under dikuuiHHioii w’uh to Im* entirely excluded, l.'iider 
very favonralde conditioiiM uk t<» nature of noil, elevation and ilry 
weitther the quantilieH of ground water variwl from 10 to 13 thou- 
Hand galloiiH pt'r mile while the iiiaximnin might lie more than 100 
thousand galloiia ]Hn* mile. 


Ah stated in the {Miiier iind«<i' diHciiKHion 1.3 thoima-nd gaJIoiiR 
jier mile wiih very low’. In hin opinion in Itoniliay the allow'niu’e 
ahotild be at least 30 thonaand gnlloiiH [H‘r mile. 


It might 1 h‘ uieutioiuHl here that in Amevican citieH the pi’oviKioii 
for ground water (aub noil w’ater and not leakage from water 
supply) usually varieil from 13 to 130 pilloiia jier head, ConijMired 
to tbia in llomlHiy then* Hhouhl Im> a provinion of at li^iiHt 20 gailons 
Jier head iih the coniiitioiiH wei*e not viny favouiii.l>le and a gmit 
deal of HUb hoM w’ater wan met with. Acconliiig to Falwell the 
maximum capacity of the w'wer to Im> provided in (.30+20) x 173% -- 
122*5 gnllona p(*r heail. Ah a furtiier Kafeguard he nwoninieinhxl a 
factor of Mifety of 2 to 11 for mnall and largi' Hewers. Ueiice f<ir 
small aeweni the capacity to 1 m‘ provided is 243 gallons {ler head 
and for large sew’erH IHt gnIIonH |M>r bead. While for large trnnk 
sew’ers the capacity <*oiild safely lie idiout 1.30 gallons |ier head. 


Witli the aliove considerntionK Mr. Watson was quite right in 
providing the capacity at 200 gallons |)er head, for large and Hmoll 
sewers. 


In case €tt the trnnk sewera, liowever, the capacity must lie 
rednoed to ISO gidlons pew head. 

Ba did not Ogree with Mr. Watson that overflows should be 
provided to diecharge sewage direct into the sea without treatment 
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ill the iiioiisiioii. This would uauiit* a iiuisiiiiro ugiiiii. The beat iir](.AliM 
iiietliod WUH to exfUide min water entirely and carry the full dla* 
charge of Hewagt» to the disposal works without providing any 
overflows, catclipits or halaiu^iiig tanks. 

Ju sewerage aiul water supply scla^nit^ it was always wise to 
pmvide ntom ca|Miciry than re<piired, as then* wen* so iiiaity consi' 
derations ainl contiiigeiieies. In the case* of sewemge, silting and 
erosion of the invert usually n*Hult«‘il while in w'ater supply corro- 
sion and mdiH'tioii of luains was always occurring. Also judicums 
and careful seh*ctioii of (‘o efli(*ients of Rugosity was vc«iy necessary, 
as otherwise one might Ik* providing for a<h*ijuate capacitiin* hut 
calculated with wrong co-eflicients which ultiiiiiit(*ty resulted in 
iiiiich less provision. From the conditioiis of si'wem during con- 
struction and the Ia<*k of inaioitenance in future, he thought the 
following should Ite the co-eflieieiits of Rugosity. 

1. S. \\\ Salt tllazi^l pipes. ii . t) Oi:i to 9 015 

1!. (Vineiit ]daster or (ilazeil 

brick inverts. ii 0015 to 0-017 

It was found in India that S.W. Pi[K* draiiis had many defects 
iH^gsirdiiig, clean joints, true aligiiiiieiit and hearing, lienee tlieoreti- 
eal eoiiditioiis were not fu I til led in praetii-e and tlte eiH^flicieiits of 
Rugosity shoiihl he as ahovi*. lii ease of glazed hriek inverts^ the 
brick joints in actual const ruction w'cre j" to T thick and wwe 
generally rough and iiiieveii, with the result that the conditions 
lM*caiiie <|iiite ditfereul. In fact in some cases he had found that 
the surface instead of ht*iiig ipilte siiiiHdli iiad lN*come corrugated 
wj{h the numerous brick joints. Actually a cement plastered snr 
fsuv wsis lN*tt<*r than the glaz<*d hrick surfaee provided it was not 
ero<hMl and damaged. Ilmu*e with a view' to proper future provi- 
sion, the siiiUhle eoHlieients AvoiihJ In* uk iinlicated above. The 
e^ipaeity should always be eab-iilated witli the worst eonditions 
and not assniiiiiig the best \v«M'kiiiansliip and eonditioiiH. 

A few* w'ords might In* said as to j^lie suitable shafieH of sewers 
for Bombay. The iniiiiiiiuiii Niz4* of u sewvr for Bombay should 1 m* 

0" diametiM*. S.W. l•i|K*s, ought, to Ik* used for drains SF to 18" 
diameter and cement coiicr(*te circular pipf*s for sewers 2P to 00'^ 
tliumeter. Above Ot)" diameter egg sliajie or ovoid Ht*we!*H (new 
form) should li<* adopted w*ith ghiz<*d brick inverts and lining iip 
to 2/3 of the depth, the largest sizi* to In? not more than 8'xl2'. 

After this thcf cuiiette MK'tion Washington ty[M* should Im^ iisetl 
with a semicircular c<incret4* arch and half-round cunette, the 
ledges oil the sides sloping 1 In 0. In the Washington type 
the dinette portion and the side leilges up to the D.W.F. level 
need only be lined ivifli glassed bricks. 


B so 
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SELF CM.EANSfNil VELOCITIES. 

He ugnnHl with th<* uiitlior an«l Mr. Wataon tl»at the velocitiee 
with the D.W.F. <liwhai‘ge Khoiihl be twtlf eleanaiug. For Indian 
conditiona tltia veloirity alioiild not ia* leaa than 3' ]>er aiH*ond — ^in 
eaae of large ai'wera, and 31' (M*r mh^oiuI — in ••aw* of amali aewera 
up to 13* diameter. When pninping waa adoptnl it should not Ite 
difllcult to oldain theM* vehn'ilies. 

No lablea of dim-liargeN drawn up ueeurding to Engtiah prac- 
tice were auitahle to the Indian eonditioua. It was always safer 
to calculate using Kiitters forinnla with the values of n. as men- 
tiontKl aliove. 

Silting waa the tronide in all the Indian aystenia. It waa also 
due to the habits of tiie (H^ople wiio used earth in closets and for 
washing iitensils. lienee if future failures were to be avoided the 
]>rinciples for self cleansing veliH-ities should lie ehfort'ed rigor- 
ously and if in any rare case* tlie velocity fell Isdow the minimum 
tixed, antounitic tiushing sy|>hons should Is; provided of sufllcient 
capacity to tiusli the drains ii‘giiliirly at iiit«*i*vals, thus keeping 
them quite clean. 


CONCLUSIONS. 

(1) Thai the Antop Hill Outfall was the most suitable and 
siKiuld Is* insisted upon. 

(2) With the self <deansiiig velocities pruftostsl it was exfitict- 
ed that, the sewage wonbl r«>aeh the plant in a fairly fresh condi- 
tion and iience it could Is* punqwd direct for irrigation without 
tiny further treatnnait. The anionni of rest in thi> pump chninb<‘r 
would not lat iiiort' than lialf an hour. This was actually being 
done in IVsnia-, with very gtasl results and if handled properly 
the sum«> system could Is^ follow<‘d provided fresh water was avail- 
able oil the Island for diluting anti distributing the liquid for irri- 
gation. In cast' the Sew'age arrived in a stale condition it 
would 1 h‘ nei'i'ssary to atlopt a simple stslimeiitation process provid- 
ing a. rest of stiy 3 to 4 hours anti then pumping the elHuent. 

He was against tlie Activattsl sludgit system as it bad not lieen 
trietl ill India on a large scale and the capital and maintenance 
costs were very heavy. 

(3) The amali and large sewers should be designed to carry 
300 gallons per head {ler day and the main trunk sewers 160 gal- 
lons per head per day. 
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(4) Tbe cH>-eflicieiit of Kii[robity in Kiittoi*M foiiiiiihi kIioiiUI Ih* Xr.lLiUiiiii 
0-13 to 0*15 for S.W. Pipes awl 0*15 to 017 for miieiit plaster or *•*“•** 
glased brick Mewers. 

(5> Storm Water should 1 m* eittindy exeiudcnl from the Hewers 
liy not allowing any surface drain from Iiouki*h or overflows to Iw? ^ 
connected with the sewers. 

The Ai.-thoii wi.id in n*ply n*feiTliig to Mr. Temple's it*- Tlia Awtiioi 
marks on his paper, and particularly to that place when* he 
stated that until Mr. Mackison's si-lieme, as ldeHSf»il originally by 
Mr. Watson, or something very like it, was instalhHl, Ihiinbay 
would never be satisfactorily dniiiuMl, the author said that he was 
glad that his views on the Jioitibay Draiiiagi* Problem had Imm*ii 
eudoi*Hed by so pnmiinent and well known Kaiiitary Engineer in 
India as Mr. Temple. But most unfoiiiitiately the* lloinbay Muni- 
cipal (\>rporaition were accepting other views and by MgrcKdng to 
the moeliti<sl scheme of 1024, nn*essitating tlie rrfemtion e^f Lov4-gnn*e 
Giitfall, wn*e contiiiiiing their usual policy e^f palliatives involving 
iiniiec4*ssary ex|M*iiditnre to the extent of over Ks. .*12 lacs. This 
was to 1 m» spent <mi the probbmiatic experiment in trying to i*nitii 
iiate the existing iniisuiiee produc<*d by this Outfall ctnideiiiiied by 
all ex|M*rts wIiokk* opinion had bi*<*ii sought mi many <K*easimiN. 

Therefoiti euie could not but agrin* with .Mr. T4*nipUi'N remarks 
that '‘the draiiiagti of a big town like Kombay was a pime played 
Isftw'CMui those intent on draining it well, and tlmse iiitenl on 
N|M*mliiig as little as imssible" ami that 'Moo many people with 
insiiffieieut kii«)wledg<* to judgi* a sclu'iiie fairly wen^ in a position 
to suppose with suceess any sidieine that was put ft»rwar«l.” Tla* 
septic nctioii that was usually taking place at prt*Meiit iti Bombay 
sewugi* received at Lovegrove was eaiised partly by the flat gi’adi- 
eiits and siinioiis routes of the existing si*viers in eertain parts of 
the city and still in a major di-gm^ was due to a very inefttident 
pumping ajTaiigeineiirs at Lovegrovi* which continuously retarded 
sewagf* fl<»w ill two main triiiik sewei-s and tmirked it up io not less 
than 1 to 5 feet height thus eoiisidi'rably mincing veloidty of flow 
ill the main as well as in eertain siilwidiary sewers. With the 
adoption of Mr. Mu4*kii«oii’s original scheme providing alMdition of 
Lovegi'ove Pumping Ktutioii ami substituting it by a gi*avitation 
sewer to Antop Hill it was Iioimm] that the condition of flow in the 
exiHting S4*wer8 woulil Im* iuifiroved to ii c«ni*tajii extent, but relay- 
ing of certain old eubsidiary si^wers in the city was certainly in- 
evitable. As regarde the sr«wei*s aln*ady bii<l re(*eiitly in the north- 
ern uiiHeweml part of the Island and those whurh it wa« propoecil 
to lay there in connection with the Antop Hill scheme they were 
all designed with velocities of not less than 3 ft. per sec. and along 
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>• Author, tlio uIiort^Mt |N>NKih1c‘ roiiteu, ho that then* wouhl uot Ih* the nliglit- 
eut eliaiiee of the Howiiig M-wagc* in them iKMiig tiirimi Keptie before 
reaching the ]>i*opoHe«l puritleatioii workM at Aiito|) Hill. 

The |»i*ovi.Hioti (for the Hloriii waters at the time of iiionHCH>ii hi 
the newly 4leNign€*<l Hewers lia^l l)ef*ii made to the extent of four 
tiineN their D.\V.h\, whh*h had been haH(*d solely on the observa* 
tionH made with the existing sewerage syKteiii of Uotnbay and eon- 
sidered ade(|iiate to meet iiHnisoon *i*iin otP’ i‘e(|iiire.inents in the 
eonditimi of an Imliaii tow'ii Itke Honibay. 

It was true that in India the i|iiaiitity of rainwater to In> dealt 
with in the H(*w<‘t'N depended on the siireess with wiiieh it eonld 
l»e kept out. Por Hiie<*eHs there would md be so miieh need of very 
complete, installations of effective storm water separators, as of 
WHdl trained sanitary engineers, ca|»abh» of iiiiderstaiiding thosi* 
ideas and able to enforce their appli(*atlon by subordinates. 

It was a matter of fact that in Indian conditions, and in the 
cities like ('aicntta or lioiiibay in ninety out of a hundred eases 
even most im[>ortaiit sewer and storm water eoniiections were being 
made under the supervision of an ordinary inistry, a [person with 
very little knowledge* of sanitary ]>riiiciples. Tberefon* it was not 
surprising at all ttiat many sewei*s in (la* city were connected with 
storm water tlrnins and ncr rersu. 

lie bad seen liiiiiwlf such extraordinary connections, as wdien 
thri*f*<P inches and two ]r> incbi*s pipes were foiiiifl joinf*d into iun* 
lo inch pipe. 

It was also a (hiiiiiiioii fact that in tin* cities like Calcutta ami 
Honibay, with the old firaiiiage anti seweragt* systems nt> proper 
i^ecords had lK*en iuaintain(*<l not only of all tin* connirtituis math*, 
blit even of all the existing tirains ami sewers in the city, thus 
giving Mometiim^s opportunities tti the inistry to make wr«>tig c<»n- 
iiectioii he liaving no tbita as to wlietlu*r it was a sewer or S.'W. 
drain. 

It. was diflituill to argue with irgard (t> tin* volume of stowage* 
exfiected to be rw*tMved during the imuistsm at Antop Hill tlnriiig 
the lii^st few years, esfiiiuitiHl in the prest*nt ease by Mr. Watson to 
lie alnnit gallons }K*r day, as this vtdiiiiie would solely de- 

{lend on wimt subHidiiiry sewei*M would Ik* laitl within the {lericNl 
of those years. Looking at the slow rate at whicb iK>piilatioti of 
that part of the city w as being increased and the’ iinmlier of sewers 
(iroviMioiiiilly laid then* within the last few years there w*as very 
tittle hope that anything more tlian one sixth of the total an*a of 
that part of the city wrould be sewmred within that time. At the 
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sanio tiiue rouHiderable pmgreHH had lieeti almid^ made iu that Th« iLuilMM 
part of tlie dtj in providitii? diaiiiH for the mitoval of atorm 
watei% wliirh |^ve a eertaiin anioiit of aHaumiiet* that only the mini- 
uiiini imHKible aiiioiiut of rain water would fall Into the intercepting 
aa well an MiibNidiary Hewein in that l(H*ality. 

PuMaing oil Ike qiieatioii of Ike propoHcnl M^wage piiritication 
at Alltop Ifill on the Activated Sludge piDci^an he agit^nl with Mr. 

Temple that there would Ik* certain clifllciiltieH to Ik* ex|H*rieneed in 
ti*eatiiig the acqitic sewagi* of Boitibay um it waa now, but it a'UK 
coiitideiitly ex|NM*ted that with the iiitr<Mlu(*tiou of the proptmiMl 
iiieaHiireM already deKcriluHl above, cotiKiderable iiiipmveiiieiits in 
the Mi*wagi* tlow would be attained tkiiN diiiiiniKking neptic proeenH 
in the sewers so eoiiiiiion in pivscuit eoiiditi>oii of their ilow. The 
liistallatioii of a small experiineiital plant prior to the design of 
If ]argi*r plant was of coiirsi* the most desirable ciuirse to lie taken 
by the Bombay Municipality, but hd was afraid the tkirpointion 
was not wiilmg to adopt this course of action as it involved a cer« 
tain amoiiiit of expenses on tlie experiiiient. 

i*assing on to the coinmeiits made by Mr. Bransby Williams he 
would liki* t<i point out that he had written his paper with the 
objivt mainly of drawing tin* attention of Engineers to most iiii* 
desirable but very eommoii practices in liulia of dealing witb tin* 
most imp<irtant scliemes, vitally atfectiiig the interests of millions 
of popnbitioiis, in a maniier as descrilN*d in bis |)np<*r. The MfM*ond 
fibject that be bad in view was a ilesiiv to enable young KngiiM*ci*H 
eiigagiMl on Sanitation in India to get acquainted with certain 
d«Ua basiKl oil nearly a cmitiiry of ex|>eriein*e with the Boiiiliay 
draimigi^ and fiossibly comiinin t«i any other similar draiitagi* 
stdieme to Ik* undertaken in India, wlnw it might Ik* of certain 
use in one or other respects. 

lie had no intention, as well as no space avaUable in his pa|K*r, 
t«» go into the ti*(*hnical details of the two f»ro|Nisefl alternative 
sch4*nies, as suggested liy Mr. Bransby Wllliains. NevertheJesN 
Ihei-e were still siitficieiil data giveiriii his paper to we that with 
the latent Lon of Lovegrove Uiitfall, as coiitcniphjtf*d by tiie last 
sclieiiie of 151:^4, the draiiiagi* problem of Bombay would rc*jiiaiit 
unsolved. Being eiigugf*d during seven years of his siM-vli'i* with 
the Bombay Municipality on tlie ilraliiage works of Bombay und 
lH*iiig {leminally eoiiii(*<*ted with the priqiaration of the iiimlltied 
HcheiiK% as pi*o[>OHed by Mr. Watsou in 1924, he had a certain 
auioiiiit of fiersoiiaf experieiu'e in the iiintterH deH(!ribed in Ids 
|Ki[ier, thoiiji^ his views might In* similar to tlifsa* entertained by 
Mr. Watson himself. NeverthelesH whenever Mr. Watiam’s opinion 
had been quoted in his paper it had been always so mentimied. 
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Ah it^gardM Mr. Uraunby VVillianiH* opinion that a good deal 
of cxpcmHo would be huvihI by pumping all the sew'age from Love- 
grove info a high levcd Hc^wer to Antop Hill, it muBt be pointed oat 
ihat thin whh not the eane, the iieeeHHity of eonetructing another 
equally large iiitereeptiiig newer in the name direction bnt at a 
Hliglitly lower level would ccuiainly involve more ex{>euHe than if 
only otic large gravitating newer wan laid limtead of two. HeaidefH 
that the exiMtenee of a high bwel Hcm'er involved maintenaiH*e of 
the pumping Ktatioii at Ijovegrovi* f<»r the lift of Hc*wage to be deli- 
verer! to Antop riill, wliieli wan not fieHiralilc^ fc»r the imHonH al- 
readj' iiieiithnied and which iMH-aiiie quite unnwenittiry if one gravi- 
tation H€*wer WHH eoiiHtrueted, 

The only advantage of Niieh a high level newer would be a Hiiiali 
Having in the height of tint lift of Hi^wage at the l^iinping Station 
at Antop I fill by about 10 ft. only, which wha negligible in com- 
partMoii whh the exfieiiHCH involved by the maiuUmance of two 
puitipiiig HhitioiiH, at Lov«-grove and at Aiit4>p Hill, and by tlie 
count riieit4in of two largtf newern iiintead of inie. 

Mr. Jlniiinby Williainn had twhleiitly miniitnlerntiK^d liin i*eiinirk 
about the uiidenirahility of catelipitn wliieh n^ferml to the nturiii 
wafer eiitraiieen iiniially provuled along the ntreetn to iiitem*pt 
grit arul inetul earrieil with the roail wanliingn, uu4l not to the gully 
catelipitn in the newern that w<‘re providirX to inteurvpt nilt and 
garbage Htiwiiig along witli newage and whifh Mr. Ilraiinby Wil- 
liaiiiM eoiinideml iiidinpeiinaltle in Indian eoiulitioii at any rate. 
Hut in npiie of thin Im> wan e4|iially agaiiint pi-ovinioii of niieli 
eatclipitn in both ninen and partieiihirly in Indian (riinlitiuiiH, 
wheiv putrifaetive pnieenn iff the orgaiin* matter, iiitei-eepted in 
Kuch catelipitn, wan wry rapid aceouiit of the high temperature 
of the indiaii eliiiiate. They were 4M)iially uniieeenKary arraiige- 
meiitn H4»rviiig no piirimM*! If the m^wern to* ntortii water dralnn wen; 
denlgiHHl and built with nutneieiit v(dfn*hien and able to ean*y the 
whole detritun in the point 4»f out fall. To riHMigiilnt; their iiel[*en- 
Nity vriiH in liin opinion eqiiivahoit to mrigiiition of a privy 
Hanket Syntcoii lar'aiine in Initli ean«>n eolleetbui of dir-oni|K»ning 
iiiatler ami earriage along the ntnvtn wan etpially inevitable, 
while thin work wan a legitimate duty of ev4»ry properly deHigucnl 
Hyntein of drafnn. 

n<> tH|Uul]jr with tin* idmti that. llnuH* cut<‘lt|Hti# did 

not have anj >ji4Hd on malaria and augieeKUHl a i*pf<nvnoe to the 
o|dnion of malaria ex^terta inveKtijmtlng thia diaeoae in Bombay or 
CMentta and tn aiiy wra*kly reitorta publiahed by tlw Hraltb 
l^pnrtineiit of the Bombay Muiiirliaility, on aeveral oct^ions re- 
H^steiins caiiea >rhen mtophelcB had been found breeding in these 
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catclipito. If thin mut not the eONe then* wonkl be no uee^'emltj of Anthnl 
iqtrinkliog them vith kenndne oil, an wtui I)eing done hjr the Bombay' 
Municipality, though he u'ua sorry to say in eerhiln oaaeti only. 

It u'aM true that theHe cases wen* continni only to the central 
l»art of the city, just to show that aoniething was being done in 
that direction, a’hile iM)% of the totni uuinbt*r of tiie city's water 
e.ntniuceH liad (heiir «‘ntch|dt not only never oiled 1ml very wddoin 
even cleaned. 

To contirm his (»pinioii on tlie subject of eatchpit necessity 
be would refer to the rt'port of the Metropolitan Sewage (/ommia* 
sion. New York, 1924, stating that “the eutvh basius were in reality 
among the most useless devices euipioye«l for the removal of solid 
material from sea'uge. They were generally infetdire becaust^ they 
t^ere not cleaneil w'ith sufficient fnH|ueiM*y to enable them to serve 
as traps. It seemed iniprnct.i«‘able to keep tliem clean. To main- 
tain catch basins in servicealde condition retpiired mucJi hand 
labour, and this was costly. The n'(»rk was usually carried out to 
the aiinoyauiH* of ptMlestrians and householders.'’ Another report 
to the Commissioners of Sewage of liouisville by .1 . B. F. Breed and 
U. 1*. Eddy, ]9Bt, stateii that “it was felt tlmt in this climate it 
w'as iiua'isc to provhle {hioIm of a*ater in which iiutsquitoK eoultl 
breed as is the cose niiere catch Imsiiis are built.” 

A more or less scictitiiic luethml of calculation in determining, 
the rate of maximum raiiifnil that sliould gifveni tlie choice of the 
storm water draiu sixes ctmld only Im^ made if the rainfall inten- 
sity os a*ell as its duration, which was the most essential factor, 
had been recorded by automatic rainguagtw and during cx)mpara> 
tively a long |H>rio<l of years, in the absence of Bombay data, the 
determination of the rate of rainfall that (»>oId wifely be taken 
without exceeding tlie critical economical Imsis in the design of 
proiMSMsl storm water drains was M^rtaiiily a matter of opinion of 
the engineers conceiiMsl and as such was ec>rtainly oism to criti- 
cism. Bat the practical knowledge of conditions in Bombay show- 
ed that a rainfall of over one inch {»er hour intensity was 
confined usually to (‘ompara tively small niid certain districts 
only and last for a very short period, measured in minutes, which 
condition would affect small bnanch and sulisidiary drains and not 
the large conduits. Therefore a rainfall of 1 inch per hour iiiten* 
sity had been considered as sufficient for areas to lie served, pro- 
vided certain allowance was made in calculation of “Run <df” for 
the small weas. 

Bealdea that another allowance had to be taken into considera- 
tion. adopting Sutter’s formula for calculations of storm water 
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lie Aotbor. drainK, when nninewlmt lower rcHultH iu ealeulation of 

flow iu email piiH-H wei*e 118IU1II3' obtained, an compared with the 
actual i^eHiiltM. 

Thoiif;h in the ehapler of liin paia^r dealiiij; with the “run off’’ 
reference had lieen made to nii%kli-Zei^ler'N formula only, it wan 
due to hin ovevHight that the actual data upon which all caicula- 
tioiiH of the liomlaiy Ntoriii water drsiina^* were made iu the pir- 
Nent caw hud lieen omitted. 


Thone data were uh follows : — 


rea in acrt'ti. 

The flow an valeulated on the ha(th 

fimall arean. 

of 1 inch jn:r hour rvduvf^ft hy 
\o reduction. 


... ... 0 % 

aKW-4(K> 

... 10% 


... 15% 


... 20% 

800— iOUO 

... ... •>*.! /o 

Over- 1000 

... ;»% 

lie did not < 

;oHHider tlisit ilie KUileiiieiit iiitide on the pa);e 152 of 


litM paper that the wwa^* of Itoiiibay coutai'iied twice the quantity 
of NolitiM iiHually found in European sewan:e was iiiiKleadin;; as it 
had hmi made only t<i indicate the causes of so easy silting at the 
inverts iu sewttrH in India and not with refmmce to the disposal 
of sew'attt*' in which c 41 K 4 > solids in suspension liad alone to Ik* coii< 
sidered. The results of the ex|K*riinents with the Activated Sludg«‘ 
|U*ocess fliat iveiv being caiTi«*d out by Mr. Hransby \Vi Ilia ms for 
Na<g|>ur Municipality woubl be certaiiiJy of much iiiteivst to Sani- 
tary Efigiiiwrs in India and would Ik* 4*agerly awaiteil with a 
hope that an interestiiig pa|H*r on this subject would be mid lie- 
roi*e the Institution of KngiiH*ei*H t India) in due course*. 

lU^ferring to the i*eniarks made by Mr. Desbruslais he had to 
point out that the question of diverting sewage from Lovegrove to 
Antop Hill and discharging it into Kiirla (?reek after preliminary 
tre^utment at Antop Hill was quite a natural question and this had 
iKHm providid in Mr. Mackisoii’s original scheme. Hut as this 
InvoIvcHl a iM^rtain amouut of extra ex|M*nditure on the construction 
of a< largi*r size trunk wwer from lJ>vegi*ovc* to Antop Hill as <*om- 
|iared with the trunk sewer If the siMvage from the north part of 
tlie island alone was to 1 m» currieil to Antop Hill, the Municiiuil 
Oorporation turned, down this scheme for the sake of ec*ouomy. 
Besides the treatment of ii€*ar1y double the ainoiiiit of sewage on 
the Activated Sludge process at Antop Hill in this case would 
' certainly involve double the initial expenses as well as the in- 
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cNMed cost of maintenaace ao that the Muuiclpalitj erhlently pre- tim Aatkaj 
ferred to perpetuate the existing nuisance at I^v^rove Outfall by 
discharging crude seauge there than to spend a few lacks of rupees 
extra and so solve the druinugi> problem for Aw. 

The method of calculation in obtaining rough cost of sewag«‘ 
treatment on the Activaie<l Sludge prm^ss if tlu« whole sewage of 
the city was brought to :\iHop Hill was not corr«‘ct, as the estimat- 
ed cost of Rs. 12,000,000 for liie work at Anfop iJill included not 
only the cost of treatment work, but also the cost of construction 
of large trunk sewers us well ns the I'ninping Station, etc. Out 
the cost of the purification work installation alone at Autop JliH 
had been roughly estimated at that time t(» Is* atanit Rs. 27 lakhs 
which W'as already includ«Ml in the esrimattHl cost of Rs. 12,000, OtM) 
for Antop Hill. 

Mr. Desbriislais w'as not quite eoriwt in assuming that the 
sewage at Luvegrove W'as Isong earrieil out horiumtally to the msi 
by two 0 feet ‘diameter barnds of the Outfall, as those barrels were 
laid to a distance of ab«»nl 2(MI0 feed from t he shore .‘it the bottom 
of the sea and with a muKiniuin istssible gradient, thus allowing 
sewage to flow to the oiien sea to a dislanee tajual to the lengtli 
of the outfall and then to raise u)i fnmi the Imltoiii to the st*n sur- 
face when sea water level was snflieJently high. Rut Ihe whole 
question was that, the s(‘a was not siiflleiently deep along this coast 
of Bombay and the variations of the tides were ns liigii as fol- 
lows : — 


High Water, extraordinary spring tides 

Feet 

T.H.D. 

fW*42 

,, „ ordinary 

86*2r. 

Mean High Water 

84*50 

High Water, ordinary neap tides 

8.3*24 

Highest low water 

81*00 

Mean sea level 

80*16 

Low water, ordinary neap tides , 

77*25 

Mean low water 

76*00 

Low water, ordinary spring tides 

74*a5 

Mean lowest water, ordinary spring tides 

72*00 

Low water, extrmne tides 

71*16 


which gave extreme variations of the tides equal to 17*26 feet. 

At the some time tlie top level of the 6 feet dia. steel barrels of 
the outfall at their Extreme end in the sen was about THD — ^74*00 
tlim?e was not sufficient depth of sea water to cover the month of 
the outfall during certain periods and left the outfall entirely 
exposed at other polods. 
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Half a Century of Experience In Bulldlntf 


RAILWAY ROLLING STOCK 

places us in a unique position to undertake orders 
and guarantee prompt deliveries. 

OUR CARRIAGE & WAGON DEPARTMENT 

can turn out work equal to the highest British 
Standard, either to special specifications or in 
accordance with the specifications approved by the 

Indian Railway Conference Aseioclatlon. 

Send ue your enquiries. 

BURN & Co., Ltd. 


CARBIAGE ft WAGON BUILDERS, HOWRAH. 
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TANGYES’ OIL ENGINES 



“W Type two and three BeariiiK Engines for Lamp, 
Cartridge or Cold Starting in sizes up to 25 B. H. P.— -a 
simple design for small power users, operating economi- 
cally and competitive in price. 

“L” Type— Single Cylinder up to 135 B. H. P. 

Twin fi? Four Cylinder „ 540 „ 

Engines can be supplied either Right or Left Han^ to 
suit buyer’s engine room space. 

The latest advance in Tangyes’ Heavy Oil Engine design 
consists of a patented device for lowering the working 
pressure after starting and thereby reducing wear and 
„ tear and promoting a longer life for the engine. 

STOCKS A t'. 

CALCUTTA. BOMBAY. KARACHI. MADRAS 

Catalogues and estimates on application to ; 


INDIA 



BUBHIA 
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WORTHINGTON 



TYPE “L ” CENTRIFUGAL PUMP. 


SPLIT CASING. 



Send your enquiries to 

WORTHINGTON-SIMPSON- L» 

< incorporated in Engiand, ) 

!(», €UVC ST., ASIAN BLDGS., 

NICOL BOAD. 

CALCUTTA BOMBAY. 


AOBNCIBS: 

£^i(MrtLiKXPOR't^iLTIUt Co Gravity aad Prcuure FiHcn. 

'^<aAMLX»VICIC)UITSmNIU.EItCa. .. AuMMirtte SpriaUar » nrc Atom. 

» A1QM,|HC arPORTBR. U4. Snan » Oil Road RoHcn. Scaiifim, 

^ etc. 

|«.iNUifNBr • Co. Ltd... "APEXIOR” BoHer Cwape..d 

ACMIAfTVMtf 
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CHLORINATION 

Tbe water aapirties of neariy all the lar^ eltlea 
ot INDIA are sterilised throntfi the medium of the 

PATERSON CHLORONOHE 

DELHI 

AJMER 

SIMLA 

* BOMBAY 

JAIPUR 

KARACHI 

MADRAS 

AMRAOTI 

LAHORE 

HYDERABAD 

TRIVANDRUM 

ALLAHABAD 

RANGOON 

WARDHA 

JAMSHEDPUR 

LUCKNOW 

UJJAIN 

PESHAWAR 

AGRA 

KHANDWA 

MADURA 

BANGALORE 

AHMEDABAD 

SHOLAPUR 

BARODA 

MYSORE 

RAIPUR 

NAINI TAL 

MHOW 

AKOLA 

Etc. 

Etc. 

Etc. 

W 

RtiLIA HILITY\ The ttoee prUnary reasons 

EXPERIENCE > for tte adoption of the 

SERVICE 

) PATEBSON GHLOBONOHE 

THE PATERSON ENGINEERINO C! (INDIA) LTD 

CALCUTTA 

:: P. O. BOX 680 

:: BOMBAY. 





ROHTAS BRAND PORTLAND CEMENT. 

The ROHTAS mark is INSIST upon ROHTAS 

• "»• ‘I” 


THK INKTITUTIOX OF ENGINEERS (INDIA). 


(D ... 

} 9 » corses 2 

! fe td rt b 

§■ 

ScS 

G 'tj 

» .2 ...Si C eg 

• Art -m;±S >— • a 
^ B C flJ "rt 

' ■ S O - 


» .. 

» £ 
j ^ 

) 


Zr'^ *-£i 

e^-«3 




« 2. « 
G 


u 

Q> 


J § S-AS ^ ^ C 

j-IcihS ^ 



B S cn 



e 

u 



i 

is 

=SS 

H 


2 


a 




Cid 


0 

..o 


««» 



S 




6 ft 7. CUve Street, CALCDTTA. II 8, GUve Street. CALCUTTA. 
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PtaflKrsnattB 

UncorpArHNd in FncUnfl ) 

EUfiTIIUL. KYORAOLIG. TEKTILE ft FIRE PROTECTIOM EHfilllEERS 

LONDON AND MANCHESTER 
CALCUTfA 7. Hare Street, P O Box 389 
BOMBAY. Bombay House. Bruce Road. Fort. P O Box 327 

ELECTRICAL PLANT 

FOB ALL PURPOSES. 

CENTRIFUGAL PUMPS 

FOR 

WATER SUPPUES :: MINE DRAINAGE 
OIL PUMPING ETC., ETC. 

“KARNTCLOG ” PUMPS 

FOR 

CRUDE SEWAGE, PAPER HILLS, SUGAR REFINERIES, ETC 

BLEACHING, DYEING A FINISHING 
MACHINERY 

FOR COTTON AND SILK MUXS. 

Our service and extensive experience 
are at your disposal. 




TBE INSTITUTION OF ENGINEEBS (INDIA). viU 




IX 


THE IKSTlTUTIO>' OF ESGINEEKS (INDIA). 


KEYSTONE GREASE 

Made in several densities, to suit the various mechanical 
conditions. One quality— the best. 

THE WORLD'S GREATEST LUBRICANT 

Sole Agents for India. 

THE NEW PATENT GROOVE 

**BOKO” BELTING 

Eliminates Air Traps, and. .thus grips better. 
Maximum Strength — Minimum Stretch. 

Agent for Bombay Presidency. 

* 

CAHBOBUNDUM SPECIALITIES. 

Large stocks carried of Files, Sharpening Stones, Sticks, 
Razor Hones, Carborundum and Aloxite Waterproof 
Paper, Cloth, Aloxite K. 5 Paper for Sanding, Economy 
Rolls, Valve Grinding Paste Powder. 

SYMINGTON COX & Co.. Ltd. 

ifiBS, Forbes Street. 2. Waterloo Street. 

BOMBAY. CALCUTTA. 







THE INSTITUTION OP ENGINEERS < INDIA). 



SIZES H. P. Cworkod condcnsina) 

SO 

t 

1 ^ 

la j m 


175 

200 

171 
ltfO .5 
10.4 
11.1 
! 1 . 2 S 
1.32 

I 12.700 

j 1.14 

; 95 

I 

253 

230 

10.3 

10.0 

1.24 

1.3 

j 12.500 

1 *•** 

I 95.3 


Thet* Enainea are idHiinibly adapted for power purposes in 
■rMIqfBrdt^ OMMfit WBr1is»TuriiiMBdamW ^apBr Bud Fulp Mllto* Mittiiv wSiSh^ mSS 


HHIt^ TBttHBf tplBfilBV and WiBVliiff MIMt* Pmnpliid Ibr TMm Witar tii ^H i i i li r f g itl tl li 
OiVlllBdB Bfid i BWB g B H HOlBl. ITBB Blld StMl WOTllt, QuBITUB, IWB— » < Ol l ii^, Wfl gl l H lf f d $ 
WdrfciBnd ttwr Hiduitr lBl imtBllBtlow. 

MARSHALL SONS & Co., (indu) LI 

90, CUVE STREET, CALCUTTA. 

ALSO. AT BOMBAY, MAMAS, UHORE, BEZWADA, TAWORE AND OOIMB/I? 
WOWSt— ACMIMIM. 1. B. BAILWAY. 
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All roofs should be protected by Ruberoid 
Roofing. Ruberoid is a flexible bituminous 
roofing manufactured to a high standard of 
quality. Every roll is guaranteed. Ruberoid 
can be used on flat, pitched or curved roofs of 
wood or concrete, and is impervious to extreme 
heat, fumes of acids, or sea air. Ruberoid 
makes an excellent roof covering for Railway 
Carriages and Engine Sheds as it is unaffected 
by sparks. 

FOB EVERY TYPE AND SIZE OF 
BUILDING. THERE IS A GRADE OF 

UBEROID 

ROOFING 


for SRinple and 
I iMrflcularsi to 

er Hottse. 
Kucy lane, 
Nfcstrs. 
|niTTA. 
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A service ^ll|j||||L may not be realised 

The outoome of intich m lifetime of experience end ®**jJ®®* 

neM in nuenufactore ere embodied in Henley Ceblee end eccefsoriet 

*Tbet expenence prompted us to equip some yesrs mgo one of the 
Reseerch Laboretones in the Electric Cable Industry end to staff « 
with ScienHstSt Physicists, and Chemists of high degree and famous ill 
their field of endeavour. 

That as a SERVICE which has no tangible form- out you get It in Henley 
Cida^ nevertheless. 


H_ piL£\ 

C^ABLES 


Hrad Office: 

■oij^orn VimiMt. vpmotm, E4; j 

»ork$. 4 

Norik Woelwick * CkwMMNi 


W. T. HENLEY’S TELEGRAPH WORKS Ci». 

lifuarparaud im Emgtamd > r 
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